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In the free world today there are two primary producing areas of virgin
containerboard - namely, the United States and the Scandinavian countries These
"producers" compete to a greater or lesser degree in practically all world con-
taincrboard markets; however, the largest joint market is Western Europe. These
two containerboard-producing areas practice conflicting manufacturing philoso-
phles, both undoubtedly oriented toward the most economical manufacture and dis-
tributlon of their product. The two philosophies differ mainly in respect to
the importance of weight and bursting strength of the components to box quality
The Scandinavian countries, because of advantageous wood species,
manufacturing economies specific to their area, and less restrictive regulatory
specifications in certain Western European countries, notably West Germany,
manufacture unbleached kraft containerboard at a lower weight and higher burst-
ing strength than is practiced with corresponding board made in this country.
In effect, the Scandinavian philosophy advocates a lighter weight container in
contrast to United States practice and implies that the container weight can be
induced with impunity provided the lower weight is compensated for by an Lncrease
Ln bursting strength In contrast, the philosophy practiced by U S manufac-
tuiers suggests that a quality box requires a certain minimum weight of fiber,
Lf more substance (fiber) is used, the bursting strength of the linerboard need
not be as high as that associated with the lighter weight Scandinavian linerboard.
The manufacturing philosophy practiced by the Scandinavian container-
board manufacturers places a burden on U.S exportation of' linerboard to those
stou1Lti LCs where weight is not consLdcred a factor in containerboard quality
PT'aIP 2 FouIUid.Lltl [\rll !i Jltl t13, 1itil. 1 [I'
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f UU S linerboard manufacturers can make linerboard to the .ame .pec icat Lons as
Scandinavian linerboard, however, this would require modifying CLIllt manllufac-
turing practice - e.g , more refining, slower speeds, etc. - which vould adverse2Jv
influence costs
In order'to determine the comparative pelfotmaince or cou.binlld boaid .nu
boxes made with European and domestic kraft lineiboatdl, a s tudy vis int a' cd .ift
The Institute of Paper Chemistry by the Fourdrlnler Kraft Board Institute, Fnc.
The study involved the fabrication of two Scandinavian and one domestic liner-
board at each of four nominal grade weight levels with 23-lh. European dnd 26-lb
semichemical corrugating medium into A- and B-flute combined boaid and boxes under
normal but controlled conditions of fabrication using starch as the adhesive Th'
European linerboards - i.e., 25.6, 30.7, 35.8, and 4i O-lb. - weit marie by Eliris
Gutseit (Finland) and Svenska Cellulosa (Sweden) The 25-lb. semichemical mediunl
was made by Fiskeby. Also, a few trials were made in which a 26-lb Eulopean
scomichemical corrugating medium (Finnkarton) was fabricated with domestic liner-
boards into combined board and boxes The domestic linerbuardb - i.e., 2(,. 5),
38, and 42.0-lb. - were obtained from a member comparl oft Fi'urlri nllL l'.to: i'
itbitlute, Inc. and the quality manufacturing :;pc(< i r Ii.ti " wr v- tl.o.c 4Ir -
sponding to the current industry average quality to be expected for each gsadc
~ce ght.
The combined boards and boxes resulting from the fLf't -two cxpc_ tIental
Eaticral combinations used in this study, together with sumpil;. .I tlhe cou,'pnc nti
,i:,cd in each run, were evaluated for performance at 50 f 2' tldcitive huni(li- ' it'
7 F 5 5 F (standard conditions in U S ) and 65% relatLve htunLdity at 68°F.
(sthlndard conditions in Europe) It should be borne in mind li L Lnleil niu Ln 'lhe
,esutt; that the comparative performance i, based on tie cI.uml II of nL ILLn on1an
I - - '-- -r -- SIS
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and one domestic sample of linerboard at each of the grade weight levels The
results, therefore, represent comparative performance to be expected only to
the extent that the linerboards are representative at each grade weight level.
The following conclusions are based on the composite average performance
at each grade weight level
]. Comparative Performance at 25 6, 26 O-lb Grade Weight Level:
A. The European linerboards at this grade weight averaged 3 to 5% lower than
U S. linerboards in basis weight but 37 to 53% higher in bursting strength.
The difference in nominal basis weight is only about 1.5%. The difference
in basis weight of the linerboard is manifested in the combined board
weight The combined boards made with 26-lb. U S linerboard were 2 to
4% higher in weight than the corresponding boards made with European
linerboards.
B Box Performance:
(1) Boxes made with U.S llnerboards, in general, exhibited 2 to 7 5%
higher top-load box compression than the boxes fabricated with
European llnerboards The greatest difference was between U S.
and Svenska Cellulosa boxes Because of the lower weight of the
European linerboards, the above differences, when computed on a
unit weight basis, are reduced and are probably not slgnlllcant
(2) In general, end-load box compression averaged slightly higher for
boxes made with U S linerboard than for boxes made with European
linerboards, however, the differences are not considered significant
As in the case of top-load compression, the differences ate reduced
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(3) Boxes made with U S. linerboard averaged slightly lower in corner
drop performance (3 to 5.5%) than boxes made with Enso Gutscat
linerboard but higher (9 to 24%) than boxes made with Svenska CoLciu-
losa linerboard. In only one case - i c., Svenska Cellulosa boxcs
at 50% relative humidity - were the diJ'forences significant. The
same general trend was noted when coincl diop performance was com-
puted on a unit weight basis.
(4) The drum performance of boxes fabricated with U.S. linerboard
averaged 3 to 10% higher than that of' boxes made with Enso Outselt
linerboard and 12 to 16% higher than that of' boxes made with Svenska
Cellulosa linerboard, however, these differences are not considered
significant because of the variability associated with the drum tes..
of these boxes When computed on a unit weight basis the difflerenc 
decrease
(5) On an over-all box performance basis the box results indicate that a,
the 25 6, 26.0-lb. linerboard weight leveL, boxes made wjth U.S.
linerboard may be expected to give sl eight Ly higher top-load com-
pression, about equal end-load compxe',si)n, and also about equal
rough handling as measured in terms of coiner drop and drum tcste
1hen compared on a unit freight basis, thel resultLs indicate tLhct
there is probably no significant difference In box comprets Lon or
rough handling between boxes made with U S. and European linciboard's.
C. Combined Board Performance-
(1) In addition to the difference in bas s weight and bursting strength
noted above, the combined boards made with U.S i nerboaid avetLled
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flat crush, and pin adhesion than combined boards made with European
linerboards
(2) The combined boards made with U S. linceboard were 35 to 65% lower
in bursting strength and 5 to 14% lower in flexural stiffness (ex-
- pressed- as geometric-mean) than the combined boards made with- - -
European linerboards
D Linerboard Characteristics
In addition to the differences in basis weight and bursting strength noted
above, the following differences were also noted
(1) The U.S. linerboard exhibited higher caliper, tearing strength,
torsion tear, puncture, Taber stiffness, and I.P.C. bond strength
than the European linerboards
(2) The U.S. linerboards exhibited lower bursting strength (37 to 53%),
density, modified ring compression, tensile strength, stretch,
modulus of elasticity, and tensile energy absorption (T E.A ) They
were also roughci and more porous than European linerboard
2 Comparative Performance a 30O 7, 33 C-lb Grade Weight Level
A. The U S linerboard at this grade weight Icvel was 9 to 12% higher in
basis weight and 6 to 18%o lower in bursting strength than the correspond-
ing European linerbourds The observed difference in basis weight is
considerably greater ohan the 7 01 computed on the basis oi the difference
Ln nominal weight The differences in linerboard weight and burstLng
strength manifest thcrr5sctrcs in a higher combined board (5 to 7') basis
weight and lowei (h to 22%) bursuing strength for the combined boards
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B. Box Performancc.
(1) The boxes made with 33.0-lb. U S Linlcibuard exhibited top-load
compression results which were slgnlfLcantly lower (1 6%) at 50%
R H but not significantly different at 65% R H. than the boxes
made with Enso Gutselt linerboard The boxes made with Svenska
Cellulosa linerboards gave top-load compression results not signi'-
icantly different from boxes made with U S. linerboard. Because of
the substantially lower basis weight of the combined board, the
boxes made with European iLnerboards gave significantly higher ()
to 7%) top-load compression than boxes made with U.S. l1nerboard
when computed on a unit weight basis.
(2) The end-load box compression strength of boxes made with U S. liner-
board was 5 to 7% higher than that of boxes fabricated with Enso
Gutseit linerboard but 1 to 3% lower than that of boxes made with
Svenska CelLulosa linerboard The differences noted for the boxes
maie wi'n Enso Gutseit linerboards ale significant 'vh!read those
for the coxes made with Svenska Ccllulosn lincrboards are not
significant lThen the end-load compresslic- results are computed
or a un;-- eight of combined board basis, there is no signLticant
difference between boxes made with U.S. and Enso Gutselt linerboavds.,
ho'evcr, on this basis, the boxes made wLth Svenska Cellulosa linct-
boards are signifiLcantly higher (4i to 7%) than boxes -abricated with
U.S linerboard
(3) In general, the corner drop performance of boxes made .:ith Enso
Gutseit linecboard was not significantly different from the perLor-
mance of boxes made with U.S. linerboard On the other hand, the











was significantly higher (17 to 18%) than the drop. performance of
boxes made with U.S. linerboard. On a unit weight of combined
board basis, boxes made with European linerboard exhibited higher
drop performance (Enso Gutseit, 5 to 6%; Svenska Cellulosa, 24 to
27%) than boxes made with U.S. linerboard. The differences noted
for the boxes made with Enso Gutseit linerboards are not significant
whereas those for boxes made with Svenska Cellulosa linerboards are.
(4) The drum performance of boxes made with U.S. linerboard in general
was higher than that of boxes made with Enso Gutseit linerboard but
slightly lower than that for boxes made with Svenska Cellulosa liner-
board. The difference noted for Enso Gutseit boxes is significant
whereas the difference for Svenska Cellulosa boxes is not. Computing
the performance on a unit weight basis has the effect of decreasing
the difference for Enso Gutseit boxes and increasing the differences
for Svenska Cellulosa boxes.
(5) On an over-all basis the bbx results obtained at the 30.7, 33.0-lb.
grade weight level indicate that boxes made with U.S. linerboard
give about the same top-load box compression, equal (Svenska Cellu-
losa boxes) to higher (Enso Gutseit boxes) end-load compression,
equal (Enso Gutseit boxes) to lower (Svenska Cellulosa boxes)
corner drop performance, and higher (Enso Gutseit boxes) to equal
(Svenska Cellulosa boxes) drum performance compared with boxes made
with European linerboards.
When box performance is computed on a unit weight combined board
basis, the boxes made with U.S. linerboard are lower (4.5 to 7.5%)
in top-load compression, equal in end-load compression, equal in
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wiLt h SverII aC I Lo e ]]ca lincr boards gave higher 1,opD-l c C0rin
(6 to 7%), higher end-load compression Oi to 7%), higher cot
performance (24 to 27%), and higher drum performance ( L5 to
boxes made with U.S linerboaids All the differences on a
Ileight combined board basis are considered significant with








C. Combined Board Perf oyrnancee
(1) rn addition to the differences in basis weight, and bursting s5ttcfl,
-previously noted, the combined board fabricated with U.S. linerboa:-o
exhibited higher caliper, puncture, torsion tear, edgewise coinlpie'-
siLon strength, and pin adhesion than combined boards fabricated lit
European liner~boards
(2) The combined boards made with U.S linerboards gave lover values, of
bursting strength (4t to 22%) and flat crush than corresponding






Enisu Gu,,cit,-irnorboard exhibited lower bawLs we Lgt1, CaliJ! t`-l 
tear~ng s trea!gth, torsion dear, puncture, ring compression, Taber
stUif'neos, nachline-direction stretch, and machine-difectiun 1 P.C.
lbond strength- than U.S linerboard On t lie otixei hand, Li LI, '-C L!
liner board displayed higher bur sting s~ti engtb (approxrrnatCly l8%))
tensile strength, cross-machine stretch, moduLus, Of eastLc rig%,
T.E A , and cioss-inlachine £.P.C. bond strength than U S. 1II iteboard!
S~venska Cellul)ora I Lnerboard displadyedI ower basis IC - , , ~ I z1)1
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compression, machine-direction stretch, and machine-direction T.E.A.,
than U.S. linerboard. In contrast, Svenska Cellulosa linerboard
exhibited higher bursting strength (6 to 12%) machine-direction
Taber stiffness, tensile strength, cross-machine stretch, machine-
direction modulus of elasticity, cross-machine T.E.A., and I.P.C. 
bond strength than U.S. linerboard.
(3) Enso Gutseit linerboard was less porous, not as smooth and not as
water resistant as the U.S. linerboard. The Svenska Cellulosa
linerboard was more porous, less smooth and less water resistant
than the U.S. linerboard.
3. Comparative Performance at 35.8, 38.0-lb.. Grade Weight Level:
A. The U.S. linerboard exhibited 4 to 8% higher basis weight but 37 to 40%
lower bursting strength than the European linerboard. These differences
are reflected in a higher combined board weight (3 to 5%) and a lower
bursting strength (18 to 35%) for the combined board made with U.S. liner-
board.
B. Box Performance:
(1) Boxes made with U.S. linerboard gave significantly lower top-load
compression (approximately 7.0%) than boxes made with Enso Gutseit
linerboard. In general, the same trend was noted for boxes made
with Svenska Cellulosa linerboard; however, the differences were
considerably less (1 to 4%). When considered on a unit weight basis,
boxes made with Enso Gutseit linerboard gave 11 to 13% higher top-
load compression and boxes made with Svenska Cellulosa linerboard 5
to 10% higher top-load compression than boxes made with U.S. liner-
board.
----------- .-.. 2, ~ :~.- ,) .- ~.?t .4 -.~,.r..V^ 5
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(2) Boxes miadt: wij .lil iussol;.scil. I inurboard exhii bited 2 to 6% higher
end-loa:l 'o:lip lre ,tion aod hoxes l'aIbricated with Svenska Cellulosa
linerboard 7 to 9% lower end-load compression than boxes made with
U.S. linerboard. The same trend is obtained on a unit weight basis.
However, on a unit weight basis the differences between boxes made
with U.S. and Enso Gutseit linerboards increase (6 to 10%), whereas
the difference between boxes made with U.S. and Svenska Cellulosa
linerboards decrease (2 to 5%).
(3) The corner drop results for boxes made with U.S. linerboard are
significantly higher (14.3%) at 50% R.H. but not significantly
different at 65% R.H. than boxes made with Enso Gutseit linerboard.
On a unit weight of' combined board basis, there appears to be no
significant difference at either humidity level. In contrast, the
boxes made with Svenska Cellulosa linerboard exhibited higher (7 to
24%) corner drop results than the corresponding boxes made with U.S.
linerboard a-. both 50% and 65% R.H. However, only the results at
5% R. :H. appear to be significant. The same general trend is
evidenT when rhe results are considered on a unit weight of conmbnied
iS( v~board -. sis.
'(4) The d il.-r performance of boxes fabricated with U.S. linerboard was
sigiifi 'an-.ly higher (18 to 20%) than the corresponding performance
'or boxes made with Enso Gutseit linerboard but not significantly
di'Terenr. front the performance for boxes made with Svenska Cel]ulosa
-.l.nei-b ara. Thne same general trend is observed when the results ,are
considered on a unit weight oL' combined board basis.
(5) Or. an cver-all basis boxes fabricated with U.S. linerboard appear to










Fourdrinier Kraft Board Institutc, Inc. Page 11
Project 2592 Report Three
slightly.higher corner drop, and higher drum performance than boxes
made with Enso Gutseit linerboard. The boxes fabricated with Svenska
Cellulosa linerboard exhibited slightly higher top-load compression,
lower end-load compression and about the same drop and drum perform-
- ance when compared with boxes made with U.S. linerboard.
C. Combined Board:
(1) The combined boards fabricated with U.S. linerboards averaged about
3 and 5% higher, respectively, in basis weight than combined boards
made with Enso Gutseit and Svenska Cellulosa linerboards.
(2) The bursting strength of the combined board made with 38-ib. U.S.
linerboard was 18 to 35% lower than that of the corresponding com-
bined boards made with European linerboards.
(5) In general, combined board made with U.S. linerboard exhibited
higher caliper, puncture, torsion tear, flat crush, and pin adhesion
than the corresponding boards made with European linerboards. On
the other hand, the combined board made with U.S. linerboard was
lower in cross-machine edgewise compression and flexural stiffness
(expressed as geometric mean). The machine-direction edgewise
compression results on boards made with Enso Gutseit linerboard
were higher than the corresponding results for U.S. boards whereas
the results on Svenska Cellulosa boards were lower.
D. LLnerboard Characteristics:
(]) The 38-Ib. nominal grade weight U.S. linerboard averaged approximately
5% higher in basis weight than the corresponding Enso Cutscit liner-
board and about 7% higher than the corresponding Svenska CclluLosa
linerboard.
v. .
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(2) The burs Ling el,.;.:igli of tie U.S. .. iner-board was approximately 38 to
1,0 lower than that or the European linerboard even though the basis
weight favored the U.S. linerboard.
(3) The U.S. linerboard was higher in tearing strength, torsion tear,
and puncture. In addition to the foregoing, Enso Gutseit linerboard
was higher in ring compression, cross-machine Taber stiffness, tensile
strength, modulus of elasticity, T.E.A., I.P.C. bond strength, and
about equal in water resistance. The Svenska Cellulosa linerboard
was higher in cross-direction ring compression, tensile strength,
stretch, modulus of elasticity, T.E.A., and I.P.C. bond strength and
about equal in water resistance.
(4) The European linerboards were more dense and hence less porous than
the U.S. linerboard. The Enso Gutseit linerboard was not as smooth
as the U.S. linerboard whereas the Svenska Cellulosa linerboard was
smoother.
4. Comparative Performance at the 41.0, 42.0-lb. Grade Weight Level:
A. The 42-lb. nominal grade weight U.S. Iinerboard was-approximately 3 and
8% higher in basis weight, respectively, than the Enso Gutseit and
Svenska Cellulosa linerboards. As would be expected, the basis weight
of' the combined boards made with U.S. linerboard averaged 2.0 and 4.8%
higher, respectively, than the combined boards made with Enso Gutseit
and Svenska Cellulosa linerboards. On the other hand, the bursting
strength of the combined board made with U.S. linerboard was 23 to 30%
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B. Box Performance:
(.L) The boxes fabricated with U.S. linerboard gave significantly lower
top-load compression (8.7 to 11.2%) than boxes made with Enso
Gutseit linerboard. When compared to boxes made with Svenska
Cellulosa linerboard, the results on the U.S. boxes were only
slightly lower. When computed on a unit weight of' combined board
basis, the boxes made with U.S. linerboard were significantly (6
to 13o) lower than boxes made with European linerboards.
(2) In general, end-load compression on boxes fabricated with U.S.
linerboard was slightly lower than that on boxes made with European
linerboard; however, the differences are not significant in most
cases. When calculated on a unit weight of combined board basis,
the boxes made with European linerboard exhibited significantly
higher end-load compression performance.
(5) In general, the corner drop performance for boxes made with U.S.
linerboard is slightly lower than for boxes made with European
linerboard; however, the differences are not significant in most
cases. The same trend was noted on a unit weight of combined board
bas Ls.
(4) In general, there was no significant difference in drum performance
between boxes made with domestic and European linerboards. The
same trend was noted when the results were considered on a unit
weight, of combined board basis.
(5) On an over-all basis, boxes made with U.S. linerboard gave lower
top-load compression, approximately equal end-load compression,
and approximately equal corner drop and drum performance when com-
pared with boxes made with Enso Cutseit linerboard. Boxes made
. ;
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with Svenska Cellulosa linerboard were about equal in top-load
compression, end-load compression, corner drop, and drum performance
compared with boxes made with U.S. linerboard.
.: >-C. Combined Board:
(1) In addition to higher basis weight and lower bursting strength, the
combined board made with U.S. linerboard was about equal in caliper
l;'^B~ ;~and flat crush but higher in puncture, torsion tear, and pin adhesion
when compared with combined board made with European linerboards. In
contrast, combined boards made with European linerboards were higher
;~ '~:, in machine- and cross-machine edgewise compression and flexural stiff-
^isj ''* ness (geometric mean).
D. Linerboard Characteristics:
! '((1) In addition to higher basis weight, the U.S. linerboard exhibited
20 to 27% lower bursting strength than the European linerboards.
(2) In general, the U.S. linerboard was higher in caliper, tearing
strength, torsion tear, stretch, and machine-direction I.P.C. bond
strength than the Enso Gutseit linerboard. On the other hand, the
'Enso GuLseit linerboard was higher in ring compression, Taber stiff-
ness, tensile strength, modulus of elasticity, T.E.A., and cross-
*s1 machine I.P.C. bond strength than U.S. linerboard. The Enso Gutseit
linerboard tended to be slightly more dense, much less porous,
:' U rougher and slightly better sized than the U.S. linerboard.
! (3) The U.S. linerboard was slightly higher in caliper, density, tearing
¢,^BI ^strength, torsion tear, puncture, and machine-direction stretch than
Svenska Cellulosa linerboard. On the other hand, the Svenska Ce.l.ulosa
Fourdriiiler Krat't Board institute, Inc.
Project 2592
linerboard was higher in ring c
cross-machine stretch, modulus
bond strength than the U.S. lir
board was less dense and less p
board and not as well sized as
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compression, Taber stiffness, tensile,
of elasticity, T.E.A., and I.P.C.
lerboard. The Svenska Cellulosa Liner-
porous but rougher than the U.S. liner-
the U.S. linerboard.
5. General Conclusions:
A. The comparative performance of combined board and boxes fabricated with
European linerboard was such that the competitive potentials of European
linerboard cannot be disregarded.
B. The European linerboard appears to be made from a furnish consisting
mainly of Scotch pine, refined to a lower freeness and shorter average
fiber length and presumably made at a slower speed than U.S. linerboard.
C. European linerboard is made at a lower basis weight but substantially
higher bursting strength than the corresponding grade weights of U.S.
linerboard.
D. The superiority of the European linerboards in bursting strength is not
rec'lected in a correspondingly high box performance relative to U.S.
linerboard.
E. Box compression is shown to be far better related to combined board
cdgerfLse compression and flexural stiffness than to bursting strength.
F. It is believed tha- the properties of European linerboard responsible
for its competitive potential is not bursting strength but the level to
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bursting sLrenglh.
. G. The rough handling performance of boxes made with European linerboard
i *- .was considerably better than would normally be anticipated from the tear-
ing strength characteristics of the linerboard and corresponding combined
*;. . *board. In terms of rough handling, the lower tearing strength is compen-
sated for, in part at least, by substantially higher tensile and energy
U | absorption characteristics compared to U.S. linerboard.
H. In general, the combined boards made with European linerboards exhibited
lower pin adhesion strength. This is believed to be due to the generally
less porous structure of the European linerboard and hence it would be
!]iH |"expected that greater difficulty would be encountered with bonding on
the corrugator with European linerboard especially at the higher speeds.
,' I. As would be expected, the test results at 65% R.H. (European standard
Ij'^ ^conditions) Mere lower for those tests involving stiffness but higher
!B P;~for those involving energy absorption or work l:han the results at 50%'
R.Hi. (U.S. standard conditions). The effect oft' relative humidity was
.· 1-about the same Cor European and U.S. linerboards.
d. On the bar is of the coefficients of' variation which were determined for
a selected number of Les;t properties in order to compare the uniformity
i ofr' the U,.S. and European .Lincrboards, it was concluded that the U.S.
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6. Comparative Performance of Boxes Made with European Linerboard
A Box Pcriormancee
(1) At the 25 6-1b. grade weight level, boxes made with Enso Gutseit
lincrboard gave equal or slightly higher top-load compression, lower
end-load compression, and slightly higher corner drop and drum per-
formance than the boxes made with the corresponding grade weight of
Svenska Cellalosa linerboard
(2) At the 30 7-lb grade weight level, boxes made with Enso Gutseit
linerboald gave equal top-load compression, lower end-load compres-
sion, lower corner drop and drum performance than boxes made with
the corresponding grade weight of Svenska CelLulosa linerboard.
(5) Boxes made with Enso Gutselt 35 8-lb. linerboard gave slightly
higher top- and end-load compression, but lower corner drop and
drum performance than boxes made with the corresponding grade weight
of Svenska Cellulosa linerboard
(4) I ihen the performance of boxes made with 41 0-lb European liner-
boards is considered, the boxes made with Enso Gutseit linerboard
gave slightly' higher top- and end-load compression and about the
same coinci drop and drum performance when compared with boxes made
vith the corresponding grade weight of Svenska Cellulosa
(5) On an ovei-a'l basis, boxes made with Enso Gutseit linerboard tended
co give sligl-;,l higher top-load compression at all grade weight
levels, sligl ly io' c cnd-load compression at the 25 6 and 30 7-lb
gradc weight level but slightly higher end-load at the 55 8 and 4] 0-
Ib u'ade wcihit levels, and equal to lower coiner drop and drumn
p]lroolr'aacc '"-en co-pared with the corresponding results lol boxes,
rqmade rLh S-csKr-a Cellulosa lInerboards
! .; v . ** -ttr- -. .a;@ -*4's * \ *; :"
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7. Comparative Perf'urmarrnu ol '' ;i.cij ned .. :.J aia I . '' lth '23-lb. and
26-lb. European and 26-lb. U.S. Cuorl·ugating Mediurl:
A. Box Performance:
(l1) In general, the boxes made-with-23-ib. 'European corrugating medium
exhibited equal or slightly lower top- and end-load compression and
lower corner drop and drum results than the corresponding boxes made
with 26-lb. U.S. corrugating medium.
(2) Reducing the medium weight from 26 to 23 .b. is approximately a 11. 5
reduction in medium weight. When box performance was computed on a
unit weight basis, the boxes made with 23-lb. European medium gener-
ally gave higher top- and end-load compression performance but lower
corner drop and drum performance.
(3) In general, the boxes made with U.S. linerboard and 23-lb. and 26-lb.
European mediums exhibited slightly higher top-load compression than
boxes made with U.S. linerboard and 26-lb. U.S. medium. Boxes in
this phase made with 23-lb. European medium gave lower end-load
compression and those made with 26-Lb. Eiurpean medium higher end-
load compression than boxes made with 26-1.b. U.S. medium. The
differences noted above for both top-load and end-load were not
believed to be significant. Rough handling performance of' boxes
made with 23-lb. and 26-lb. European mediums was; lower than that of
boxes made :.ith 26-lb. U.S. medium. There appeared to be no signifi-
cant difL[erence between the rough handling per['ormance of boxes made
with 23-lb. and 26-1b. European mediums.
(I') The 23-Ib. European medium was made from a
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pine) refined to a substantially lower average fiber length than
the 26-ib., U.S. medium which was made from a furnish of approximately
85% hardwood (gum) and 15% softwood (southern pine).
--- B. Combined Board Performance: 
(1) The combined boards fabricated with 26-lb. U.S. corrugating medium
were, on the average, 5 to 5% higher in basis weight and higher in
flat crush, puncture, torsion tear, machine-direction edgewise com-
pression, and pin adhesion than combined boards made with 25-lb.
European corrugating medium. On the other hand, the combined boards
made with 26-lb. U.S. corrugating medium were generally slightly
lower in bursting strength, cross-machine edgewise compression, and
flexural stiffness.
(2) Combined boards made with 26-lb. U.S. corrugating medium generally
were higher in torsion tear but slightly lower in flat crush,
flexural stiffness, and edgewise compression than combined boards
made with 26-lb. European medium. The basis weight, caliper,
bursting strength, and puncture results were approximately equal.
C. Corrugating Miedium Characteristics:
(1) As would be expected, the actual basis weight of the U.S. corrugating
medium was approximately 12% higher than that of the 23-lb. European
corrugating medium but about equal to that of the 26-lb. European
corrugating medium.
(2) The caliper of the 26-lb. U.S. corrugating medium was approximately
1.41 higher than the caliper of the 23-lb. European corrugating medium
and 6 to 13% higher than the caliper of the 26-lb. European corrugat-
ing medium.
.. -|i f Page 20 I 'lit r-in ,! KX ;lit B. atiu .ijis t. i f.LU c, i Ire.
.'. "; Report Three PI jct -i'W )
i~-"U !, (3) The density of' i .le co-.Lu. U .S. and ;:5-"'i.. European corlrugating
^~Ii 1rmediums were equau. whereas the density o' Lihu o- b. Euuropean
lt '. corrugating medium was 4 to 11% higher.
i- ¾ '(4) The 26-lb. U.S. corrugating medium exhibited a slightly higher
- Concora-flat crush at 50% R.H. and slightly lower Concora flat
crush at 65% R.H. than did the 26-lb. European corrugating medium.
Compared with the 23-lb. European medium, the Concora flat crush
of' the 26-lb. U.S. medium was considerably higher (16 to 18%) at
<I :both 50 and 65% R.H.
.l-^B ;(5) -The water drop test was markedly lower for the U.S. corrugating
medium than for the European corrugating medium; this difference
,i;i~ ^1 may account in part at least for the lower pin adhesion results
!^ I? . Obtained on boards made with European corrugating mediums.
0U 1 |(6) The 26-lb. U.S. corrugating medium.was more porous than the 25-lb.
European medium but less porous than the 26-lb. European medium.
'~B j 5(7) The 26-lb. U.S. corrugating medium exhibited higher tearing strength,
torsion tear, puncture resistance, and stretch than either the 23- ci
26- lb. European corrugating mediums. iHowever, the European mediuml-;
- -'.! were .e.erai.ly higher in ring compression, tensile, and moidulus ofl
eiastlcicy Lhan the U.S. 26-lb. corrugating medium. Taber sti'ffncss
-ziH~ ^was lo:.er on the 23-lb. European medium but higher on the 26-lb.
European medium when compared with the Taber stil'ffness on the 26-lb.
iB~', l'U.S. corrugating medium.
.il','' ",''
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The above standard basis weights and guaranteed bursting strength specifications
are also met by the kraft containerboard mills in Norway and Sweden. The Scan-
dinavian specifications are based on 65% R.H. at 68°O'. whereas the U.S. equiv-
alents are based on 50% R.H. at 73°F.; thus, the standard basis weight values
listed above will be slightly lower at 50% R.H.
U.S. linerboard could be made to the same specificatio-n as Scandinavian
linerhoards; however, this would require modifying current manufacturing practices
which-, coupled with less advantageous wood species, would adversely influence
costs. Moreover, it has not been demonstrated that boxes _abricated with Scan-
dinavian linerboards, manufactured in keeping with the high iMullen philosophy,
necessarily perform better than boxes fabricated with domestic linerboards manu-
factured according to current practice and specifications.
As a result of the foregoing it appeared worthwhile and -imely for the
t'ourdrinier Kra't Board Institute to study the compa'iati.ve performance of' combined
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Phase I of the Comparative Performance Study was initiated at The
Institute of Paper Chemistry on behalf of the Fourdrinier Kraft Board Institute,
Inc., for the purpose of evaluating the comparative performance of combined board
and boxes made from both European and domestic components, manufactured according
to their traditional specifications, and fabricated by a United States converter.
The Comparative Performance Study as initially outlined involves two phases -
Phase I, as described above; and Phase II, which is concerned with the fabrication
and evaluation in Europe of combined board and boxes made from the same lot of
component materials. This design or arrangement permits Phase I to be undertaken
and, which, if successful, could then proceed logically into Phase II.
The scope of Phase I relative to material combinations is shown in Fig.
1. This represents a significant enlargement of the scope as originally proposed.
It may be noted that Phase I involves the fabrication of four weights of domestic
linerboard - 26, 33, 38, and 42-lb. - and four competitive 'weights - 25.6, 30.7,
35.8, and 41.0-lb. - of European liners, from each of two manufacturers, with
both 26-lb. domestic and 23-lb. European semichemical corrugating medium into
A- and B-.lute combined board and boxes. In addition, the four domestic liner-
Io.ard samples were fabricated with a sample of European 26-lb. semichemical
'idi Lum into A-flute combined board and boxes.
Pag~e 24
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FABRICATION AND EVALUATION
The fabrication was carried out on one corrugator, Menasha Corporation,
Menasha, Wisconsin, and the same conditions were used where possible. Starch was
used as the adhesive and the combined boards were made into boxes (RSC) size
11-3/4 by 8-3/16 by 9-3/4 inches. A portion of the boxes of each sample was
stitched and the balance was taped. This size box corresponds to a No. 24, 12-
oz. juice container. The size was selected so as to comply with the carrier
specifications both here and abroad for boxes made with 25.6 and 26.0-lb. liners.
The domestic linerboard and corrugating medium manufacturing specifica-
tions were selected so as to be representative of the general or average quality of
board currently produced in these particular grade weights. These specifications
were as follows:
Linerboard Specifications 
Nominal Linerboard Grade Weight Levels
26-lb. 3355-lb. 38-lb. 42-lb.
Test property
Bursting strength, p.s.i.g. 75 95 103 110
Bursting strength, factor 2.9 2.9 2.7 2.6
Modified ring compression
M.D., lb./in. 15-3.0 6.5 19.0 20.6
M.D., factor 0.50 0.50 0.50 0.49
C.D., lb./in. 10.7 13.2 15.2 16.8
C.D., l[actor 0. 41 0. 40 0.40 0.40
Tearing strength
M.D., g./shee t 182 238 285 -52
M.D. , factor 7.0 7.2 7.5 7.7
C.D., g./sheet 198 267 515 578
C.D., factor 7.6 8.1 8.53 9.0
"Cn iit.tioned at 50% R.H. , 7 °F.
. ?|P c "Lgjr,], l ,'I '*, I. I 11 t I. ] , I 1, ,I 'iu .,, I ;tlIc
| L"oi'l Thl cC '['/I'jtl C I °
CC ' 1 UtLlIt Ilil; [, l, JILlIll IL I. CIL' di. C I1II
IUc ghl, Lb /M .sq 'I ,'C '
,Modlfied ring compression
C.D , lb./in. 12. 1
C.D., factor 0 48
_. - Concora flat crush;p-s L. 38.0
Concora flat crush, factor L 46
aCondltloned at 50% R.H., 73°F.
As previously mentioned, two sets of European linerboards were selected
These were Enso Gutseit (E.G.) of Finland and Svenska Cellulosa (S.C.) of Sweden
The 23- and 26-lb semichemical corrugating mediums care from Flskeby and Finnkar-
ton, respectively In order to maintain as great a degree of anonymity as posq-
sible, the European components were obtained via an European affiliate of Container
Corporation of AmelLca through the efforts of Mr Spachnor The materials wcie
If 'ordered by and delivered to the affiliate company which in turn reshipped the
C ' materials. P sufficient quantity of materials, both domestic and oteLtn, wcle
oblallicd to carry out Phase II, if it is deemed advisable The aomestic (ompolr-
ents are currentJy in storage at Appleton, Wqhcons Ln, and the  European cornponernts
in Hamburg. Gfrmany.
Thc boxes, combined boards and components resulting fromC the tilty-two
dfielent mate-lal combinaLions described in Fig. 1 wrer evaluated at tLo atmos-
, IphorELC conditions, one representing standard condition ns in this country (50%
,-e:atlv hun I Lty ata 7°F ' . ) and the other repiesentini standard c tod] tl nisl 
:E:r ),- (65% rfeat LEv humidLty at 68"F. ).
Pricr to evaluatLon, each box, combLned 1boaLd and component *,saiple iw.i
i'ranr1]')Itil 7Cl ,ln precondiLtioned [oL 24 hours in an atmrospihre c iina ncd at, )5,
i'uidrinior htalt Board I!stitutc, Inc. Page 27
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relative humidity at 73°F After the prescribed preconditioning, each sample
was condLtioned Ln the respective standard conditions tot at least 48 hours and
then tested in the same atmosphere.
The experimental box samples were evaluated for the two general clas-
silcatlons of box peitormance - namely, resistance to compression and rough
handling. Compression resistance was determined by means of top- and end-load
compression tests. After preconditioning as described the boxes were conditioned
in the selected standard atmosphere for 24 hours, and then the boxes were sealed.
After sealing, the boxes were allowed to condition for an additional 48 hours
prior Lo testing.
The rough handling resistance of the fifty-two box samples was evaluated
by means of the drop test (12-inch corner drop) and the drum test (7-foot revolv-
Ling drum). Only the boxes made with a stitched manufacturers joint were used
tLo the tough handling tests. After preconditioning, each box specimen was
conditLoned for 24 houis in the selected standard atmosphere and then the
oLttuins were sealed and the box loaded with twenty-four 12-oz. juice cans tilled
(one inch Lrom top) wLth ,ater The weLght of the twenty-four filled cans was
'9 u5 pounds, Lhus, the gross weight of the test specimen was just over 20 pounds
'r'tur IllLing wLth cans, top closure was made by sealing and the thus assembled
e",t specimen was a] towed to condition for an additional 48 hours in the selected
.tLnidurd atmosphere and then tested.
The comnbineud broad test, specimens vere all cut xlom the knoLk-down
o e,. The combined board tests run and the proceduics used are listed below.
Report. ?IICruje C 1 . 259
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10 (5 up; 5 down)
10 (5 each way)




6 (3 up; 5 down)
During the fabrication of the fifty-two different material combinations,
sample strips the juil. width of each component roll were taken at the start and
end of' each material combination. The start and end samples of' each component
for each material combination were tested separately and the test results aver-
aged to give a chaiactonization oC the quality of' the components used in each
material corabinat Eoni. The properties of the components measured at each of the
two at~mosuheric conid[Itons are given as follows, together with the procedures uise(d:
Basis weighIt,
Caliper




'To us ion teal
V LC tlB re~
DTti i e C l i f
S t n t o il~ t





















10 (5 up; 5 down)
30 each way
10 each way











FLIVthe r, [ Ilie purpose of obtaining a rough ComparIson of' Lhe Lr

























fiber analysis, specie identification, and fiber length In addition, Canadian
Lheeness determLnations were made on a sample of each component. The freeness
determinations were made as follows
. S Thesample of coi6monent (liner or medium) was conditioned at-50%
relative humidity to constant weight. A total of 26 giams of fiber was weighed
out and torn into small pieces (approximately one inch square). The thus pre-
pared board material was then soaked in 500 cc of water at room temperature
for 4 hours At the end of the 4 hours, the water-soaked material was trans-
Jiered to the British disintegrator and water added to give a total mass of
2000 giams. The stock was disintegrated for 75,000 revolutions and then diluted
to 6000 cc The consistency of the slurry was determined and a volume equivalent
to 5 grams of fiber was removed, diluted to 1000 cc., and the Canadian standard
trecness determined The classification of the components as to specie, fiber
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PRES:NTATION AND DISCUSSION Of i ,SULtJli,'
I. LINERBOARD RESULTS
A Background
As previously mentioned, two markedly different "quality" phlosophies
are active in the container industry today Scandinavian containerboard, whLch
is one of Europe's main sources of virgin component material, is manufactured to
higher busting strength and lower weight levels than the corresponding competitive
grade weights in this country. Because of practice and custom associated with
shorter hauls, less emphasis on compression, etc., approximately 90% of European
needs for linerboard are satisfied by three grade weights - 25.6 (125 g./sq m. ),
30 7 (150 g /sq.m ), and 35.8 lb./1000 sq. ft. (175 g./sq m.) (2). A small per-
centage of 41.0 lb. (200 g./sq.m ) linerboard is produced, however, the main
competition is in the lower three weights
Because adoption of European practice and specification in the manu-
lacture of U.S. linerboard for export to Europe would significantly increase
cost, and equally important, because numerous studies (3-5) have shown thal
hurstlng strength by itself is a poor criteron of quality, a study of the com-
parative performance of combined board and boxes made with both European and
domestic components was undertaken As previously described, the main study in-
volved the fabr Lcation of four grade weights of linerboard from two European
sources (Enso Gutseit and Svenska Cellulosa) and one domestic source with 23-lb
(112 g /sq m ) Scandinavian semlchemical and 26-lb. domestic semlchemLcaL corru-
gating mcedLum into A- and B-f Lute combined board and boxce,.
It should be bone in rilnd in interpreting the results of this study
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RnEropean linerboard at each grade weight. Therefore, the comparisons of perform-
ruce are valid only to the extent that the three linerboard samples at each grade
w''iglt. evel are representative of the quality levels being maintained by the U.S.
nnld European industries.
Before comparing the combined board and box performance it may be help-
1'u! to consider the disparity in weight and bursting strength of the European and
il(le::l;t:ic Linerboards. The respective results are tabulated in Table II.
TABLE II
COMPARISON OF LINERBOARD WEIGHT AND BURSTING STRENGTH
at 50% R. H.
Grl I de
OIa:ll i grade
Oh:'::l:t veI i tradeMQ'::':!,rivcld l''ade
h i :! tl racd0?:.;-:.- fI) /.'adC
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Ai illmltj r <I ..ti6 I ;.vi!I Ie - 1 ',iCLJ1 iroiiL thy- JIto Ia I' atc-S i 
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paritLy between the domestic' and European linerboards is at the two middle grade
weight levels - i.e., 30.7, 55.0-lb. and 35.8, 38.0-lb. The least disparity is
at the lowest grade weight, 1evelX_ ln all but one case, the actual or observed
linerboard weight exceeded the corresponding nominal grade weight. The dlegise
to which the nominal grade weight was exceeded is in general greatest for the
domestic linerboards. The observed differences in linerboard weight between the
domestic and European samples are in most cases greater than the differences in
the nominal linerboard weights. In general, thle linerboards from Svenska Celiii-
lbsa are lower in weight than the corresponding grade. weight from Enso Gultsei t..
ft may be further observed that even though the. European litterboards are li-war,
in weight they are considerably higher in bursting strength than thle domestic'
linerboard.
4ith the above as background, it may be appropriate now to consider
Irle reuls btained on thie comblined board and boxes Fabricated wiPh dome~s I i
I 1 it ro U;:-a.boards, It P ny h, vecal.1t-d that, thi prtog ram i eve Iwe I th1E,
r 'at L~I, .n.tiiCOL L!)isi (A ridl twro EUropearti I nd-(ira Its at, cacti 0r fbi roi
`CnmpetJItive'` linerhoarc; grade weight, levels. AL each level, each linerboaroi
was fabricated w-ithi 26-lb). djornest~ic and 25-lb. European selfnichemical niediiin n
A- and B-Ulute boxes. Thus, at each weight Level each linerboard was used in the
'nhriLcatiour f@1 Uour" combaLted boards varying only in type oC medium or flut~e.
frc ~oof'i limited rtumber ot lunorboard samples and thle Cact that, eac~h
uJI(I*0 411'J X&'- v W~l I Ltivolv~ ifn the samea Vonir mfaterial. or sltrictur;iJ -cenib rin!1-
Li onr a;l ear> grade- we if ghi -love I, the dJata have beon assembled on tire fol.t.1wl





_.,< !- . t.. ; ?t·.~r)..2MIe;Y 4-Q4E.:i" A-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ : ,, - :; -, -- - $
',llrdrilnier Kraft Board Institute, inc.
Project 2392
1. Linerboards fabricated with 26-lb. domestic medium int(
A-flute combined board and boxes.
2. Linerboards fabricated with 26-lb. domestic medium int(
B-flute combined board and boxes.
3. Linerboards fabricated with 23-lb. European medium int
A-flute combined board and boxes.
4. Linerboard fabricated with 23-lb. European medium into
B-flute combined board and boxes.








E. (:C.miiinpatLve Performance of Boxes Fabricated with U.S.
- ilni European Linerboards
. . Compression Performance
.·^ ' The box compression results obtained at 50 and 65% R.H. are tabulated
'" IT'['lihl': [Ii and IV, respectively, and illustrated in Fig. 2a. The results
Atibfli)alcd ii Tables III and IV have been analyzed statistically (see Appendix
''r :'r '::.cturc) for the purpose of determining whether the differences in com-
.l::li, :,ivc',a(c; are significant at the 1 and 5% levels and also for the purpose
.i;' t.:,=i,.mii ig the 5% confidence limits shown in Fig. 2 at each level of liner-
*- Whoth.tn the top-load box compression results are considered it may be
[i(..~b ev;ci fil,;n i.le data in Tables III and IV and Fig. 2a that the 25.6-26.0-lb.
,s,.r: 4-u .ad(e weight level, the boxes made with U.S. linerboard exhibit
b: '' tilr.:-''..are box compression at 50 and 65% R. . than do the boxes made with
if.? 'il-': it or Svenska Cellulosa linerboards. The top-load compression- results
, iivLa' io , ,
t - * XI:'lr made with U.S. linerboard and tested at 50% RI H. are approximately
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linerboards, the differences are statistically bigi niricat at the t% Level Ln
other words, differences such as shown f'o composite nveragts could ocuc by
chance only one out of a hundred times At 65% R.H. the composite average dif-
ferences were 2.1 and 7.5%, respectively, for the boxes made with Enso Gutselt
and Svenska Cellulosa linerboards. The difference between the results for the
boxes made with U.S and Enso Gutseit linerboards is not significant liheieas the
corresponding difference for the Svenska Cellulosa 1lnerboald is significant
At the 30 7 - 53.0-lb linerboard grade weight level, the composite
average top-load compression results differ by 1.6% or less at 50 and 65F R H
These differences are in general too small to be termed significant, thus, the
conclusion is drawn that at this.level there isno significant difference in
box compression due to type of llnerboard.
i vWhen t e results at the 35.8 - 38.0-lb. linerboard grade weight level
jl3 are considered, it may be seen that the boxes made with Enso Gutseit linerboard
ig ~ exhibit top-load compression results at 50 and 65% R h. whlch were 7 4 and 7 1%
,i hhigher, respectively, than the boxes made with U.S. Linerboarc The;e differ-
ences are found to be laIge enough to represent sign'lfcant differences at the
1% level. The corresponding results for the boxes mace vLth Svenska Cellulosa
are al o higher (1.0 and 4.1 ) than the results for tte boxes made with U S.
linerboard - the 1 0% difference is not significant at the 5% level whereas
the 4.1% difference is significant at the 1% level.
At the 41.0 - 42 0-lb linerboard grade weig'; level the boxes made
WLth European linerboards exhibit higher top-load coir.p^oCs on results than the
corresponding boxes made with U.S. linetboard The results at 50 and 655 R.H
ar, re spectively, 8 7 and 11.2% higher tor the boxes .a .de rLth Enso Gutseit
4 i linerboard and 2.7 and 1.6% hLgher for the boxes made Sit SYve.ka CuliulCosa
r_
lie ----I
..'2~e ,~ - .rft*-~' w "wtI-- -w i' M
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lineiboaid than the corresponding boxes made with U.S linerboard The difrfei-
onces obsclved for the boxes made with Enso Gutseit linerboard are found to be
>iinl'Lcant at the 1% level The difference (2.7%) noted for the boxes made
vith Svenska Cellulosa linerboard at 50% R.H. is significant whereas the ditler-
ence (1.6%) at 65%-R.H. is not-slgnificant. - - -. -
On the basis of the compression results obtained on the boxes fabri-
cated in this study, it appears that at the lowest linerboard grade weight the
boxes made with U.S. linerboard exhibit higher top-load compression than the
boxes made with slightly lighter weight but higher bursting strength European
Lincrboards At the 30.7 - 33.0-lb linerboard grade weight level the top-load
('ompressLon is the same for the boxes made with U.S. and European linerboalds -
that is, there is, in general, no significant difference Ln the results At the
35.7, ')380-lb and 41.0, 42.0-lb. linerboard grade weight levels, the boxes made
with Enso Gutseit linerboard exhibit significantly higher compression results
han the corresponding boxes made with U.S. linerboard. When the results for
,oeC; made ',th U S. and Svenska Cellulosa linerboards are compared, it may be
oen that, in general, the U S. box results weie either only slightly lower or
qu.tl on the basis of composite averages.
It was pointed out earlier that one of the charactcistilc diffcrcnces
" 'een domestic and European fourdilnler kraft linerboard is the bursting
l'1cntil-weight ratio Euiopean (Scandlnavian) linerbodrrsi s manufactured at
'HliLnalid grade weight 1 5-7.0% locr than the corieoponding U.S. I nleiboard but
' a ubLsantially higher busting strength (10-35%) Tihe Eulopean practice of
',*in1Ln to a lower weight places U S containerboard in a difficult t poqiltlon in
-- iot market because of the difference in square footage pCL ton Accord-
1 rI oider to compaie the performance on an equal weight ba'.,L' thLc Lc-ult .
f'itcd Ln TabLce III and IV have been convicted if a u ni weight ba.i, by
Rae- - urd rri 12 Krt';i U rvd Insi. i tnt ,in
clivrJ .>'~ ~ ~'''''P'h~'.:s, i rosuttE: -- <n( ur ra:;cri tsp in oruibinedi bouid lJritrl
mu I 
lie C~tJL?.K r ~fpc-,2 oi~ iin suLis; aru exj'ressec!nI-:t
pound:: -/~ ~ ~ i ;1.) r 100 ps,,r;- combined board weight. The results
on the i itit
.re presen-eC u Tables V and VI and graphically tills-
trait *..-- -- 
iCE tI, top-load 1:1 tampressijut results at the 25.6, 26.1)V
level. -~-- ii .~ 511 t combie; uuad weight; basis, it may be seen that
the bt'7:_wl,~~ nror eeely exhibit slightly higher top-load
2 lie corresr:•iiisŽ:---- boxes made with European linerboards:
howovn.f
Ciolil1o It1 the dif'~-- --s noted are significant. In other
lO~e I rienrboard weiysit appears that the top-load box corn-
~~rl~t'fled board wex•sis not significantly different. Thuf
the a 'JO 'mj  "o~ >' on a box ::3is erased when compared on a unit
weight u
111211 :1 Utbasis, the otso,,,ression results obtained on the boxes
macic I.:. Li 1 are lower a-, toe three other grade weights than the
boxel; :itl~~merboards. (xr_ the basis of' composite average a _92cr-
enrcef;Mv ': I;
I I. ( 
I . C
; II t I I I : n . >, , . 1
Ithre c. V1, itgil. * (~
rnat~c iy _.5 - ' . C, I
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E. G. S. C.
-01. 5 6. 9
+12. 9 ±9. 5
+13. 1 +6.3
mr di f'Ierenceil ore sign!Iificantt,. In gene ral, atL~ :
<-NXL' Made with 11. 9. lillerboards ranged from approxiL2.3-
b~ oxes made 'a Lbi Enso Gutse it linerboards, and aPp2Oxi
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The comparative end-load compressi:n performance of boxes made with
domestic and European linerboards at four i_-:re-: linerb:ard grade weight
.Levels may be seen from a comparison of' ::e :..1: tabula ed in Tables III and
iV and graphically illustrated in Fig. 2a. i- -:a, be seen -hat at the 25.6,
26.0-lb. linerboard grade weight level th=e 2:: -;s - aver-ae end-load compression
result on boxes made with U.S. linerboard i- r .oxfmatel- -. 0% higher than the
corresponding result for boxes made with -.r: -^seiz liner'oard and approximately
the same as the .boxes made with Svenska Ce _.-:a line-rboar. The differences are
not statistically significant; thus it apear -'-t at athis level of linerboard
weight there is no difference in end-load --x :-r--ressi r.. In contrast, it may
he recalled that at this weight level the '._. '-erboarc_ c'xes exhibited signi-
LIcantly higher top-load compression on a -:x: .a5is.
At the 30.7, 33.0-lb. linerboard er-i we'-ht _-.-ei the boxes made
wi.li U.S. linerboard exhibit higher end-lea^ ::x ..-. ?resi .- results than the
,xc:es made with European linerboards. The -::es e w-,: i' u.S. linerboard aver-
.:-cd 7.3 and 6.6% higher, respectively, a -- : -. -han the corresponding
l:.u/Ls on boxes made with Enso Gu-seiz :i e -:l . ': ee 1i fferences are found
:.o be statistically significant. In con-ra 3 -.. .e .x a.^- e with Svenska Cellu-
i'.:a .incrboard averaged only 2.8 and 0.C2 L:--R.'e ar- '.e :;--responding U.S.
!inlrboard boxes. These differences are r-n- <-h-ifi'a-. J--en the results at
;';.8, 58.0-lb. linerboard grade weight le-ve ae -- :. ar:.- '- may be seen that
:'-,' ix:csr; made with U.S. linerboard exhibit - .-.- a:-;--reslion results 2.2 and
'.' lowIer, respectively, at 50 and 'p5 R.--. .-- - Drrsrnding boxes made
W'iih Eniso Gutscit linerboard, but 8.9 an .-. -:. -£er, e . .e. -ivly, at 50 and
:, R.H. than the boxes made with S-.-e:rska 'e-- _'.s- _ . The composite
*'';l I:r di.['['eence noted between U.S. and 7-- :--- .- -:.; - ,'-. rd boxes at 50%
t
Ij
, , - ;,-. .?. 2' - - 'S'- ;, 
Li~luu
' R.H. is not statis tica Lly sgu tii[Lunt wheC-t d .l :-r ,ipritirnl dif I.r'i.-r- ai
65% R.{H. is sLgnif'i-'i.. '1)~..- .;,; d T.l'JcrlLn ,s ll';- jI wI.-n U.S. ran) Sven.;k.
Cellulosa boxes are signiL'icant at each humidity. At the 41.0, h1 2.O-lb. liner-
. M ' board grade weight level the boxes made with U.S. linerboard exhibit lower end-
load results on the average than the-corresponding boxes made with European
linerboards; however, the differences noted are statistically significant only
,j\ -for the boxes made with Enso Gutseit linerboard and tested at 50% R. I.
. . . . ..~~~~~~~~~~~~~~
On the basis of the end-load box compression results obtained on the
boxes fabricated and evaluated in this study, it appears that at the lowest
linerboard weight level the boxes made with European linerboards exhibit the
same level of end-load compression as the boxes made with U.S. linerboard. In
contrast, top-load compression at this linerboard grade weight level is higher
for the boxes made with U.S. linerboard. At the 30.7, 55.0-Lb. grade weight
level the boxes made with Enso Gutseit and Svenska Cellulosa linerboards
exhibited lower end-load compression than the boxes made with U.S. linerboard.
Tn contrast, there was, on the average, no significant dii'ference in top-load
c-ilip::cssion strer.th between boxes made with European anld U.S. Line rboa lds. Al.
.- 5;, ".,, 58. O0-lb.. I nerboard grade weight Jeve I. the boxes made 'ij th Enso (;It:- i t
inerhoard are slightly higher in end-load compression than the boxes made with
U.S. .inerboard; whereas the boxes .made with Svenska Cellulosa linerboard are
significantly lo:er in end-load compression than the boxes made with U.S. liner-
boa id. Relative to the top-load compression of boxes made with U.S. linerboaro,
Ire top-load compr-cssion of' boxes made with Enso Gutseit linerboard was approxi-
;e ',j highcri, wi'orear Lliat of' b hxes made witi Sveuiika Ce.ltulos;a . inelrblarl
eVq-" ' A.', Aer
:L'-. sl.ighltly . ?ew '. The end-load compression of the brxes made with Svenska
Cel.ul.osa li.nerboard at the hi.0, 42.0-lb. linerboard grade weight level is not
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in general, the same behavior was noted for top-load c:-ression. The end-load
results for the boxes made with Enso Gutseit linerbarl a-verage 4-7% higher than
the results obtained on the boxes made with U.S. lir-er-:ri, although the differ-
ences are statistically significant only at 50% R.. H. e same behavior 'as noted
L'or top-load except that the differences were statis-'ia.l. significant aE both
50 and 65% R. H.
In order to adjust for the difference in w.eir--. he end-load omnpres-
sion results tabulated in Tables III and IV have been 2:n:-erted to pounds com-
pression per unit weight of combined board. The com--re _:n results on a unit
weLght basis are tabulated in Tables V and VI and grear:caly illustrated in
Fig. 3a. It may be noted that on a unit weight basis she results at the 25.6,
26.0-lb. grade weight level appear not to be significan:--y different. This is
the same as was noted earlier when the results were .-; re. on a box basis.
On a unit weight basis, at the 30.7, 33.0-lb. grade-welts: level, the e-n-load
compression results for the boxes made with Enso Gutse-s- L.nerboard are approxi-
matel-c the same as for the boxes made with U.S. lir.er':a-:. It may e recalled
that -.n a box basis, the compression for the U.S. l -e.:-ar. boxes w:as siŽnifi-
cantly higher. The boxes made with Svenska Cellulosae -in-r-oard, in e-enral,
.cxill_ i higher end-load compression than boxes made - .-.. : 5. linerb-ar -e-
:cause of the lower weight, whereas on a box basis there a. no signif'icar-
dILlcrence. When the results at the 35.1, 38.0-lb. re-ae ;Weight level are
c'unsicered, it may be noted that on a unit weight basi- ---e end-load 3mz:-es-
i'iion for the boxes made with Enso Gutscit linerboard are :rifican..y _ ::er,
w'-/hres the results for the boxes made with Svenska CeL'--:sa lincr'-a-- e,
i: a the avcragc, lower than the corresponding results :r:- ~e boxes rma- ':'- U.S.
0'c',a rd. The frame trend was found when compared c-_ a '--x basis. '" s i t:
.'j''i.h bar; i.s at the i1. 0, 4;2.O-lb. grade weight level. .he coxes mace ;.-. 'nso
3cce cale 45.
i Report Thi.e r,;-, .. b: . ....
Gutsei.t and Svenska Ceiiulosi la n-i -bords cexhibi r h gher eni-'t-JIod cCll;pl'e' Sor. Il ita
t he col'responili tag bI.,,.e- ]de i;' i::1 (! I. iI.Io. 'll -b oAd s IR-;ie t. . Id wi; ' : l.-'i
box basis; however, the differences were not significant except in one case -
Enso Gutseit linerboard boxes at 50% R. I.
2. Rough Handling Performance
Rough handling, which is one of the major categories of end-use require-
purposes of ti d this stu y the end-point used is the number of drops or falls, as
the case may be, which the box resisted prior to failure as denoted by a spilling
of the contents which in this case consisted of 24, No. 12-ounce cans filled with
water. It should be emphasized in interpreting drop and drum results that these
tests are impact fatigue tests and both fatigue and impact tests are character-
ized by high variability; thus, it is to be expected that greater differences in
test results may occur by chance than was noted for box compression. Saying it
another way, greater differences may be expected before they are significantly
different.
The drop and drum results obtained at 50 and 65 R. H. are tabulaC-:ed
-, Tables VLI and VILI, respectively, and illustrated in Fig. 2b': The drop and
drumr results have been analyzed by the same stati.stica.l technique as was used
with the compression results for the purpose of determining if the composite
averages at a given grade weight level are significantly different or whether
the JS,.b-l;e.vcd -i[Lference co'il] occur by chance due to the variabi..lity assocs at.et
j '.'i :.' lU cc 2natf; L'\; at ld ir] m t.! iod.i; oj' 'valuat ion.
It rmay be notes ['ruom the results tabulated in Tables VLI and V\ I;. anid
{ ;j illustrated in- Fig. 2b'; that at the 25.6, 26.0-lb. grade weight level the average
dop resUI tfs f")r the boxes at 50 and 65% R. I. made with U.S. linerboard are
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slightly lower than the corresponding results for boxes made with Enso Gutseit
lineiboard, however, the differences are too small to be statistically slgnifl-
cant The drop results fo0 the boxes made with Svenska Cellulosa linerboards
are considerably lorer at 50 and 65% R.II than the corresponding results on the
b)oycL made with U S linorboaid, however, only the differences at 50% R. H. are
t,Latistically significant. The drop results at the 30.7, 33.0-lb grade weight
Level iol the boxes made itli U.S. linerboaid and tested at 50 and 65% R H. are
.appiolimately equal to the corresponding results for the boxes made with Enso
Gutscit linerboard On the other hand, the drop results obtained on the boxes
made with Svenska Cullulosa linerboard are significantly higher, 16.9 and 18.3%,
ic:'pectlvely, at 50 and 65% R H. than the corresponding results obtained on boxes
ILde with U.S linerboard.
At the 35 8, 38 0-lb grade weight level there is no clearly defined
I end The drop results on boecs made with U.S. linerboard and tested at 50%
ii aric significantly higher (14.3%) than the corresponding results obtained on
' h' ibuxs fabricated wLth Enso Gutsclt linerboard, at 65% R.H. the composite
" Ila t:c. ie equal In cont-ast, thc drop results for the boxes made with
.I".l a Cellulosa linerboard are higher, 6 7 and 24 0%, respectively, at 50 and
l ii t han the correcponding results for boxes made with U.S. linerboard,
''''., only the results at J5% R.H. are statistically significant. The drop
lit al 4L 0, 42 0-lb grade weight level for boxes made with U S linerboard
''' ( Ihrc aveiapge, ower than the corresponding results for boxes made with
'0 't ]Incrboarns. ilo,.evc , onJy the results for the boxes made with Svenska
-' L',,, LLncrboaid aad tcsLed at 65% R.11. aie statistically higher than the
r:,' -tiLiig lei.ults tior the boxes made with U S. linciboard
Pinth [I I Tci 4 [ii I 
-, ~~~~~~~Becau se ot Lit IL ,j~ lIvIfl th& Vt'Iie, I t, t fIt [I~tf dnd deOMEsIt [C lI 1t I-
b~ard the (trap t0s1 ILt'',Jt2 1 'flt' 1, ir. 'Po.'i,-, V, aiii IIC lvI' been couicite Ld]
to a unit weight basis :in order that the drop test per tormance may be compared
on the saiie weight basis. The drop test results on a unit weight basis are
tabulated in Tables IX and X and illustrated in Erg 3b" it may be- seen that at
the 25.6, 26.0-lb. grade weight level the trend is the same as was- noted on the
box basis - namely, the droip results on the boxes made wi-th Ense Gutseii, liner-
board average slightly higher and those for the boxes made with Svenska Cellulosa
linerboard lower than the results for the corresponding boxes made with U.S.
linerboard It is doubtful if the differences are significant, except that for
the Svenska Cellulosa tinerbeard boxes at 50% R.H1., wherein th~e results aie
21.4% lower than for the U.S. linerboard boxes
WFhen the drop results at 30.7, 33 0-lb. gr'adc weight, level are con-
* F ~~veited to a unit weight basis, it may be noted that, on the average, the results
for boxes, made vith U.S. liner board are slightly lower than the results for the
ioxcs, mrade ¶rtth Enso Gutseit linerboard. On the other hand, the corresponding
musl A10 ihe baxes made wish Svenska Celliulosa Lirrorbeard average apj'iox1Lma '('A'i
-w n'; 2%hTo at 50 and 65% P ff These lat ter di tietenceEs are believed ILO
i.Lgi & 1Ic antL
As in fire case of the results at the two weight, Levels3 described a> rye,
adJusting- 1mo weight at tire 55.7, 38.0-lb. grade weight level has the effect of'
nr~j:io-v :'w difference noted on a box basis. The drop result, on a pet rimn1
1,L-FCI I-2 I cYCm (Ins 01th FEwe, (Gi toe it. tine board range from an ave i clg oII
St - 5.0% Ii -jghe1 at 5(1 arid 65% P [1. ,I L JCtpee t vc ly, than tire iot respcnd!-
1 nr e-ul t,, for the boxes made Wthtl U.S lInerboard '['ioe difference of II 2%
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madll to be significant. In the case of the boxes made with Svenska Cellulosa
Il erboard, the drop results aie 11 2 and 0 0% higher than the corresponding
' uiuLts for the boxes made with U.S. llnelboald These Latter differences range
i ,). boirdelline significance to positive sLgnificance
At the 41.0, 42.0-lb grade weight level theie appear to be no sLgnifl-
.aI' dLlferences in the composite average drop test Loi the boxes made with
illuopean and domestic linerboards except for the boxes made with Svenska Cellulosa
I t'Liboard and evaluated at 65P0 R H., the latter results indicating that the boxes
mllde with Svenska Cellulosa linerboard are better in terms of rough handling than
hit, corresponding boxes made with U.S. linerboard It is difficult to understand
,h, lie results at 65% R 11 ate significantly different whereas the results at 50%
H II are not.
The results of the drum tests on che boxce made in connection with this
ll)\d at 50 and 65%O R.H. are tabulated in TdbLes VIE and VIII, respectively, and
I, u11)'illy illustrated in Fig 2b. It mav be seen from the results tabulated in
'. VII and VIII and illustrated in Fg. 2b that at the 25.6, 26.0-lb grade
'it level, the boxes made vith U.S. linr.boaid exhibited higher average dium
i mance than the boxes made wLth European liierboards Howevei, the differ-
tinted were not statistically significant except oit the boxes made with
,v .la, Cellulosa linerboard and evaluated at 65%0 R.H. and then only at the 5o
It ' I At the 30.7, 533 0-b. grade weight level the drum results. obtained on
I'ide with U.S. lincrbuard dre hLihei on the avcrage at both 50 (1°9 8%) and
, '. ) R II. than the boxes made with En'.o Gutseit linerboard. The differences
'i 'tal.lstLcally significant Tn contrast , thc, results obtained on boxcs made
' T i" ,nka Ccllulosa lincibueard ate .',lh ll Itlghcr on the average at bolh 50%
',) ilt 65% (8 2%) R 11. than boxes. mndr ,thi U.S ltinc boai d. Thesc dl fcfcne'es
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are not significant, thus it appears that tlj: buxes - :.J1e: wiL, lI.;. .Linerboajdn
give drum performance approximately equivl].ent ! :, ':.t. :.t iite w.i.ii vei' nka
Cellulosa linerboard.
When the drum results obtained on boxes made with 55.7-lb. Eiuropean
linerboards are compared with the corresponding results obtained on boxes Inade
with 58.0-lb. U.S. linerboard, it may be seen that tLe boxes made with Enso'
Gutseit linerboard exhibit significantly lower drum performance than the boxes
made with U.S. linerboard. The average differences were 18.5 and 20.2%,
respectively, for 50 and 65% R.H. In contrast, the boxes made with Svenska
Cellulosa linerboard averaged 1.8 and 2.6% higher, respectively, at 50 and 65%
R.H. than the boxes made with U.S. linerboard. These differences, however, are
not statistically significant. Therefore, at the 35.7, 58.0-lb. grade weight
level the boxes made with Enso Gutseit linerboards are significantly lower in
drum.performance than boxes made with U.S. linerboard. Boxes made with Svenska
Cellulosa linerboard give approximately the same drum performance as boxes made
8" with U.S. linerboard.
At the 1;.0, :-2.0-lb. grade weight level, the drunk results on boxes
made with Enso Gutseit linerboard average 5.7 and 16.5, lower, respectively, at
50 and 65% R.H. than the boxes made with U.S. linerboard. The .16.3% difference
is statistically significant whereas the difference of 3.7% does not represent
.; ada significant difference. The drum results obtained on the boxes made with
'vcnska CelLulosa linerboard averaged 2.8% higher at 50%( R. H. ind 9.6 lower at
6Y(''%, R.H. tiai [l the correspollding rcs;u L.ts for boxe,; mad,2 wi t!i I. S, .inle 'boalrl.
IHecither of these diffeereces is great enough to ieprcsent a .iigniL'icant diil'er-
once in drum performance.
s539SSS5?>nijiL,."-r~~~~~~ji^'-r
1








'Because of the difference in the nominal grade weight of competitive
gLades 6i European and domestic linerboard, the drum results tabulated in Tables
VII and VIII have been converted to a unit weight basis in order to compare per-
olrPance at the same weight. -The- drum results calculated on a unit weight basis
ate tabulated in Tables IX and X, respectively, for 50 and 65% R H and are
Illustrated in Fig. 3b .
At the 25.6, 26.0-lb. grade weight level the results obtained on boxes
abdicated with U.S linerboard are slightly higher than for boxes made "*lth
,':riopean linerboards. The differences, however, are not considered significant
When the results obtained at the 30 7, 33 0-lb grade weight level are
, insidered it may be seen that the boxes made with Svenska Cellulosa linerboard
average 15-16% higher at 50 and 65% R.H. than for the boxes made with U S
liiiLboard. The drum results of the boxes made with Enso Gutseit linerboard are
", nd 10.7% lower, respectively, at 50 and 65% R H
At the 55 8, 58 0-lb. grade weight lexLel the boxes made Lith U '
'.- aid average 15 2 and 17 0% higher than -he results for the boxes 'ade
': I'so Gutseit linernoard, however, these differences aie probably bor-er-
r L' ims of signifLcant diferences in drum performance on a unit wei--ht
The results for boxes made with Svenska Cellulosa linerboard average
' ic 7 )1% higher than the corresponding results for lJ S linerboarri boxes,
,.ice differences are not slgnf icant
The icsults obtained at the 41.0, 42.0-lb grade weight level _.s-'
" Ic ults on boxes made with U.S lincrboaldl aviragc (0 to 1t5 higher than
' lt-., or boxes made with Enso Cutitset ltnciboaid These dllci'ic'<,. Jic









Cellulosa linerboard show no significant differences relative to boxes made with
U.S. linerboard.
To provide a convenient synopsis of the preceding discussion, the data
presented in Tables III through X relative to the comparative performance of box,
fabricated with European and domestic linerboards are summarized in Table XI in
terms of the composite average differences at each grade weight level on the
basis of (a) actual box performance, and (b) on a unit weight basis.
C. Comparative Performance of Boxes Fabricated with
European Linerboards
The results presented earlier for boxes made with Enso Gutseit and
Svenska Cellulosa linerboards have been retabulated in Tables XII-XV in order
to make a direct comparison of their performance.
1. Compression Performance
The box compression results are tabulated in Table XII and illustrated
in Fig. -a. Based on the composite averages at each linerboard weight level, it
may be seen that boxes made with Enso Gutseit linerboard give equal or slightly
higher to;-load compression at the 25.6-lb. linerboard grade weight level, but
lowc-r end-load compression than boxes made with Svenska Cellulosa linerbcard.
The same general. trend also applies to the performance at the 30. -lb. liner-
board grade weight level. At the 35.8-lb. and 41.0-lb. linerboard grade weight
Levels, boxes made with Enso Gutseit linerboard appear to be slightly superior
in terms of' both top- and end-load performance than boxes made with Svenska
Ccllulosa linerboard.
In order to compare compression performance on a unit combined board
weight basis, the results tabulated in Table XL[ have been converte.-d r- a unit
weight basis by dividing box compression by the correspond ing combined board
~bEES^'S -iih^ ___ - ·, .
:;_360f 
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weight and multiplying by 100 to give compression per 100 pounds of combined
board weight. The compression results on a unit combined board weight basis are
tabulated in Table XIII. Converting the performance results to a unit combined
board weight basis improves the relative compression performance of boxes made
i .th Svenska Cellulosa linerboard because, generally, this source manufactures
at lower weight levels than Enso Gutseit.
2. Rough Handling Performance
The comparative performance of' boxes made with European linerboards
:B -in terms of drop and drum results may be seen 'rom the data tabulated in Table
XIV and illustrated in Fig. 4b. At the 25.6-lb. grade weight level, the boxes
made with Enso Gutseit linerboard exhibit slightly higher drop and drum per-
formance. It is questionable if these differences are significant except for
drop performance at 50% R.H. The same general trend is observed when the re-
AB ^suits are compared on a unit combined board weight basis (see Table XV).
When the rough handling results obtained on boxes made with 30.7-lb.
linerboard are considered, it may be seen that the boxes made with Enso Gutseit
linerboard exhibited significantly lo0.er drop and drum performance on both a
box basis and a unit weight basis. The same trend may be observed for the
corresponding results a. the 35.8-.1b. linerboard grade eight level. At the
41.0-lb. linerboard grade weight level there appears to be no significant differ-
*. Effect of' Relative Humidity
As; previously mentioned, the evaluations were carried out at both
50 and 65/' R. H. because different levels of' humidi ty and lemperaturc arc used
in the U.S. and Europe as standard conditions. Standard odi o; in the U.S.
c'orrs.:ponld to 50% RH. .at 73 . wher-es in Eulrope 5/')% [.II. at 68F'. i:; ::i.il:-ns
I
-4 flN,~ ~
- ' : - · . - .
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The higher relative humidity and lower temperature of the European standard
condii.ons result in the board being tested at a higher moisture content relative
to that associated with the U.S. standard.
Box compression, as the name implies, involves the stiffness character-
i:icLcs of the combined board (particularly ultimate stiffness) and it is well
kInown that the higher the moisture content of paper or board the lower the
,il.ii;:te stiffness; consequently, box compression decreases with increase in
moir:tu.le content. Thus, the lower compression results obtained at 65% R.H. are
: i;! eeping with usual experience. The results obtained in this study indicate
t.hl:l: the effect of increasing the relative humidity from 50 to 65% R.H. had
:!,.uti. the same effect on boxes made with U.S. and European linerboard.
Rough handling as defined herein, has been found to involve a combina-
i 0:1: o:' physical properties - fatigue and energy absorption. It is well known
t-kitI ;:iiL energy absorption capacity of paper and board increases with moisture
The observred tendency for rough handling performance to increase with
i! · ·· · ;: ei.r. R. H. is, -1aereforee in accord with expected behavior. Further, the
ohi-i'ned il~ n ""-s study indicate that the change in R.H. in general had
holi r~a.,le effect on boxes made with U.S. and European linerboard.
~· \:i:i.i;:lof' the Physical Properties of Combined Boards
:"i-.^d iwith U.S. and European Linerboards
Thl~ f ctoftype of linerboard on combined board test properties
P~'· i· :~.-,.rom the resjult.ts tabulated in Tables XVI and XVII, respectively,, Cor
EL iia, be noted from the basis weigiht results tablulateci in
~~:Jt VIIandillstrtedin ig that the combined boards made wit2h
(11;ar!ds range i lloin about: 2 ·to 7% higher than the correspondiing ;;;niqpipss
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differences in basis weight are tabulated in Table XVIII together with the corre-
sponding basis weight results on the respective linerboards. It may be seen that
at 5o0 R.H., the basis weight of the combined boards made with European liner-
boards differ less from the weight of the combined boards made with U.S. liner-
boards than do the linerboards themselves. The observed differences in linerboard
weight, it may be further noted, are considerably greater than the differences
calculated on the basis of nominal grade weights.
TABLE XVIII
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As may be noted from Table XVIII, the Svenska Cellulosa linerboards
were made to a lower basis weight than the Enso Gutseit linerboards; hence,
the combined boards in general reflect this difference.
As mentioned previously, one of the characteristic differences between.
U.S. and European linerboard is the bursting strength level at which the respec-
tive linerboards are marketed. It may be seen from the bursting strength results
tabulated in Tables XVI and XVII and graphed in Fig. 6 that, as would be expected,
1 ~ ~the combined boards made with European linerboards averaged 25 to 30% higher, at
a 2 to 7% lower combined board weight, than the corresponding samples fabricated
>i ~ with U.S. linerboards. The greatest difference is at the lowest grade weight
level - 25.6, 26.0-lb. For purpose of comparison, the composite average differ-
*. J ences in bursting strength at each level of linerboard weight are retabulated
below. The bursting strength results at each level of linerboard weight at
50%0 R.H, have been statistically analyzed (analysis of variance method) to
determine i[' the observed differences are "real" - i.e., statistically signifi-
cant. The values in parentheses in the following tabulation indicate the level
at which the difference is significant; NS denotes that the difference is not
significant at the 5% confidence level.
a.
Composite Average Difference in Bursting Strength, 5,
lf U.S. nominal 50% R. H. 65% R. H.
Grade Weight E.G. S.C. E.G. S.C.
@*1 26.0 +35.7(. O) +56.8(. 0:) -141. 1 -611.9
3.0 -t20.7(.01) +1. 5 (- 01) i-22.4 +-.
3 280 3.4(.0 - .8 0) +17.9 +28.9
42.0 o,25 . (. 01) +2 5. L. 1 ) +26. -50.5
Combined board made with U.S. linerboard ubed as re['elenice.
Fouiiittntu. KtwLtL Bodd lti~ttute, Inc. Page (9)
PiojeuL ,1 RePOtI L Thiiie
50% B Hi.
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As would be expected, all the composite average differences at 50% R.H. are
statistically significant at the 1% confidence level. Because of the lower
weight of the combined boards made with European llnecboards, the differences
would be even greater on a unit weight basis than obtained on an observed or
"as is" basis.
The philosophy practiced in the manufacture of Scandinavian kraft
feI linerboard implies that bursting strength of the linerboard is related to box
performance. With reference to this implication, it may be recalled that boxes
made with European linerboard exhibited lower top-load compression, about equal
end-load compression, and about equal drop and drum performance at the 25 6,
26.0-lb. linerboard grade weight level when compared with boxes made with U.S.
linerboard; however, the bursting strength of the combined boards made with
European linerboard averaged 55 to 65% higher than that of the corresponding
combined board made with U.S. Linerboard Further, at the 30.7, 33.0-lb. grade
ei cght level, box performance was, about the same for all three "types" of boxes,
although the combined boards made wlth European linerboard exhibited h to 22%
higher bursting s-:r-ngth. if the two highest grade weight levels (35 8, 38.0-
Lb and 1-l 0, 42.0-lb.), t.he boxes -adc vwith Enso Gutseit linerboard exhibited
higher top-load comprsinri.. iljghtly higher end-load compression, and about
equal rough handi-tng in L-:aLton to b xes made wiLh U.S. linerboard, whereas
boxes made with SvensKa CcLlulosa iznerboard exhibited slightly lower top- and
end-Load compression, and about equal rough handling performance when compared
with boxes made v-lth U b. liner board. How-'ver, the bursting strengths of the
combLned boards mad., with European 1'inerboards surpassed that of combined board
made with U.S. linerboaldi by about 8l to 55%. Tnus, bursting strength ol com-
bined board does not apiar c.,* be J-' a /pljroplirLtce crLcrlon on whLch to base boV
pec forsnan,.e.
i' 
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The puncture test is used to measure the energy to rupture the board
under a specified condition. As such it is an integrating type of test - it
measures the work to bend:; to initiate puncture of the board; to continue the
tear along a line corresponding to the loading edges of the puncture point,
etc. Because of this integrating feature, minute weak spots in the test area
would be expected to adversely influence the total work to rupture only in direct
proportion to their area. In contrast, the bursting strength test, which is a
maximum force indicating type of test, is markedly affected by minute weak spots
in the test area - e.g., pinholes. Studies (3, 6-8) have shown that the puncture
characteristics of' combined board are better related to box performance than
bursting strength.
The puncture results obtained in this study at 50 and 65% R.H. are given
in Tables XVI and XVII. It may be seen from the results in the above tables,
which are graphed in Fig. 7, that for practically all combinations the combined
board made with. U.S. linerboards exhibited slightly higher puncture values than
the corresponding boards made with European linerboards. The puncture results
at 50% R.H. have been statistically analyzed; the composite average differences
aidl the statistical significance of the differences are given as follows for each
rfltadc weight level.
Composite Average Differencea Puncture, %
'.... INominal 50% R.H. 65% R.H.
U':ido Wecight G. S.C. . G. S.C.
26.0 -i .2(.01) -16.-7(01) -. 7 -10.5 
53.0 -5.5(.01) -5.3(.oi) -8.2 -8.2
6.o0 -5.9(.01) -3.0(.01) -5.2 -1.2
*c. -o. 9(TNS) -1 ( (Ns) -o.O -k1.5
- mbincd board made with U.S. linerboard used as reference. Prefix f- and -
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As noted above, the puncture characteristics of combined board made with U.S.
linerboard are higher than those of combined board made with European linerboards
except for one: the Enso Gutseit b6ard-'at .the.z4i;0, 42' 0-lb. grade weight level at 65%
R.'H. -The composite average differences observed at 50% R.H. -are-statistically -
significant at the 1% confidence level except for the results at the 41.0, 42.0-
Lb. grade weight level. Although the puncture results average 4 to 5% higher
ror combined boards made with U.S. linerboard, this difference is not reflected
in the box compression performance except at the 25.6, 26.0-lb. grade weight
Level, at which boxes made with U.S. linerboards exhibited higher top-load com-
)ression. Because of the lower weights associated with combined boards made 
ith European linerboards, the differences in puncture are about equal in many
nstances to the difference in combined board weight. Thus, on a unit weight
asis the differences in puncture results would not be expected to be significant.
The torsion tear test is a strength test which was developed at The
nstitute of Paper Chemistry for the purpose of evaluating the tearing strength
f corrugated board because it was felt that this physical property was intimately
elated to rough handling performance of boxes as measured by means of drop and
rum tests. By way of validation, it has been found (9, 10) that torsion tear
eats on corrugated board are reasonably well related to rough handling perform-
nce of boxes. Torsion tear tests on the flap scoreline have been found (9) to
Vle slightly better correlations with rough handling performance than tests on
Scored specimens of the combined board.
In the present study, torsion tear tests were made in each principal
tlction on unscored portions of the board and also in the area of the flap score-
1 The results are tabulated in Tables XVI and XVII, respectively, for 50 and
|tH. The results on the unscored portions of combined board are expressed as
_YLC____*D_e/Y__·_·s
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"average torsion tear" which is the average of the in-machine and cross-machine
results It may be seen from the results tabulated in Tables XVI and XVII that
in practically all instances the combined board made with U.S. linerboard exhibited
higher average torsion tear than the corresponding combined boards made with
European linerboards. The composite average differences in average torsion tear
at each grade weight level of linerboard weight are retabulated as shown and are
graphically illustrated in Fig. 8.
Composite Average Difference in
Average Torsion Tear, %a
U.S. Nominal 50% R.H. 65% R.H.
Grade Weight E.G. S.C. E G. S.C.
26.0 -8.1 -8 1 -6.3 -4.4
33.0 -9.6 -11.5 -10.5 -12.9
38.0 -9.3 -8.0 -12.6 -7.4
42.0 -6.7 -13.0 -5.1 -10.9
a
Combined board made with U.S. linerboard used as reference.
It may be seen that, in general, the combined boards made with U.S.
linerboards are about 5 to 12% higher in torsion tear strength than combined
boards made with European linerboards. It is believed that the superiority of
U.S. combined board in this characteristic is due to the higher tearing strength
of the U.S. linerboards. When rough handling performance is considered, it may
be noted that the drop and drum tests do not reflect the difference in torsion
tear. A possible explanation for this lack of correlation may be the fact that
the torsion tear of combined board reflects to a large extent the tearing strength
of the linerboards and it will be seen that the U.S. linerboards are superior to
the European linerboards in tearing strength However, fiom a material stand-
point, drop and drum performance is believed to be dependent to a large extent
I
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on cross-machine tensile strength as well as on tearing strength of the linerboards.
As will be shown later, the cross-machine tensile strengths of the European liner-
boards are markedly higher than the corresponding results on U.S. linerboards
When the scoreline torsion tear results are considered, it may be noted,
as in the case of the torsion tear on the unscored boards, that the results on
the combined boards made with U.S. linerboards were in most instances higher than
the results on the corresponding boards made with European linerboards. The score-
line torsion tear results have been analyzed statistically and the composite aver-
age differences together with the observed level of significance are given as
follows and graphically illustrated in Fig. 9:
Composite Average Difference in Scoreline
U.S. Nominal Torsion Tear, %a
Grade Weight, 50% R.H. 65% R.H.
lb. E.G. S.C. E.G. S.C.
26.0 -7.5(.01) -21.4(.01) -6.7 -8.2
33 0 -7.3(.Ol) -2.6(.01) -7.1 -5.8
38.0 -8.6(.01) '-2.9(.01) -6.4 +1.3
42 0 -2.8(.01) -9.6(.01) -4.1 -7.8
Combined board made with U.S. linerboard used as reference.
It may be noted that all the composite average differences are statis-
tically significant at the 1% confidence level indicating that the combined
boards made with U.S. linerboards definitely have higher scoreline torsion tear
strength. It is believed that this superiority in scoreline torsion tear
strength is not reflected in better drop and drum performance for the reason
described earlier - i.e., the belief that drop and drum performance is dependent
to a large extent on cross-machine tensile strength as well as on tearing strength
of lincrboard
I
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Earlier studies (11-13) have shown that top-load box compression may be
predicted with reasonable accuracy from a consideration of two basic combined
board properties and the load perimeter (2L + 2W) of the box according to the
relationship Given by Equation (1):
P=2.028 P0 746 ( D-)0.254' 0-492




P = top-load box compression, lb.
P = combined board cross-machine edgewise compression, lb./in.
D , D = combined board flexural stiffness in each principal
- - direction. lb.-in.
Z = load perimeter (2L + 2W), inches
= depth of box, inches
Stua'es currently in progress reveal that somewhat the same type of
resi-or.nship appears to hold for end-load box compression. However, in the
'I
case of end-lo3d compression a gap factor, 1 + W/L, should be considered and tie
col;cc-: ed board edgewise compression of concern is in the machine-direction in
conr-ast to cross direction for top-load compression. Thus, it may be seen ;ha:
comci';! d board edgewise compression and flexural stiffness' have a marked in-
['lue:ne on box compression.
A c::..arison oiL' the machine-direction edgewise compression results
tabulated in Tables XVI and XVII: for 50 and 65% R. H., respectively, indicates
iiha- he hadchin:-e-direction edgewise compression strength of' combined board made
with: U.S. linerboards was generally higher at the 25.6, 26.0-Lb. and the O0.7,
33.'.-ib. linerboard grade weight, levels but lower at the other t:o grade ci;;- 
I j
-~  ~ - - - - - -
I -- - - . ,-- "-PW** " --- .-
t 1 sw -'s '- <-L ^'-
Fouldi
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levels than combined board made with Enso Gutseit linerboard The corresponding
comparison for combined boards made with Svenska Cellulosa lincrboards indicates
a similar but weaker tend A, noted earLier, iluchinc-direction edgewise com-
pression is the basic property of combined board of major importance to end-load
box compression. In order to compare the combined board and box relationship,
the coposlte average differences in machine-direction edgewise compression
stLength of the combined boards are given together with the indicated degree of
significance and the corresponding end-load box compression results. The com-





M.D. Edgewise Compiession, %
E.G. S.C.
Composite Average Difference
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It may be seen rom1 the results tabulated above that for the two lowcz
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linerboards are significant at the 14 level.; not significant at the )5.'7, 38.0-lb.
weight level, but significant at the 41.0, 42.0-1b. linerboard weight level.
When these results are compared with the corresponding results for end-load box
performance it may be seen that there is. reasonable agreement. The composite ' 
average differences between the results on combined boards made with U.S. and
Svenska Cellulosa linerboards show that at the 25.6, 26.0-lb. grade weight level
the difference is not significant. At the 30.7, 33.0-lb. and 55.8, 38.0-lb.
grade weight levels, the differences favor the U.S. combined boards and are
significant at the 5 and 1% confidence levels, respectively. At the 41.0, 42.0-
Ib. grade weight level the difference is significant and favors the Svenska
Cellulosa combined board. When the composite average differences in machine-
direction edgewise compression between U.S. and Svenska Cellulosa combined boards
are compared with the corresponding results for end-load box compression, it may
be noted that there is reasonable agreement.
It may be noted that the results at 65% .IR. are generally slightly
higher than the corresponding results at 50% R.H. This trend may appear at
'lsi to be an anomaly; however, it should be emphasized that machine-direction
(Ii'dewise compression specimens fail due to the .interflute buckling of the liner-
¾ adr; thus, the machine-direc-ion [flexural stiffness of the linerboards governs
' liluic in machine-direction edgewise compression testing of corrugated board.
lh'xulral sti.'fness of the linerboard is, in turn, a function of the modulus of
Olas!ticity, E, and the moment of inertia, .. The modulus i; a strength property
;t tle material, whereas the moment oi' inertia is a dimensional property of the
"Lteri U]. The modulus of elas; bici-y of the linerboard decreases slightly as the
tltt.ive humidity increases because of a rcductio:n in bonding strength, etc.,
he'ra,: the moment of inertia, - .'hiC'! i:; a funcrion of' the caliper cubed in the








Page 92 Fuurdrlinier Kraft Board Lnstitute, Enc.
Report Three Project 2392
of the linerboard increases at the higher humidity. The net result is that the
; ~ decrease in E is more than offset by the increase in I; thus, flexural stiff-
ness, EI, of the linerboard increases slightly with relative humidity. This
increase in linerboard EI manifests itself as an increase in machine-direction
edgewise compression of corrugated board.
As mentioned earlier, studies carried out at The Institute of Paper
ii' Chemistry (11-1) have shown that top-load box compression is dependent on two
!5!tf fundamental material properties of the combined board - cross-machine edgewise
compression and flexural stiffness - and the load perimeter as indicated by
'iJ Equation (1). Further, it may be observed from the magnitude of the exponents
associated :ith the edgewise compression, P , and the geometric mean of the
flexural sti'fnesses that the cross-machine edgewise compression strength of
the combined board has about twice the importance that the flexural stiffness
has on top-:a.d box compression.
The- cross-machine edgewise compression results obtained at 50 and 65%
R.H. are tacuiated in Tables XVI and XVI[, respectively. It may be noted that
at the 25.6. 26.0-lb. grade weight level the cross-machine edgewise compression
str-ength of ,he combined hoard made with U.S. linerboa rd is higher than that of'
boards made :ri-ch European linerboards. The same trend is observed at the 50.7,
33.0-lb. grate weight level. At the 35.8, 38.0-lb. and 41.0, 42.0-Ib. grade
weight l.cvels the cross-machine edgewise compression strength of the U.S. com-
bined boards are lower than those of the corresponding Enso Gutseit combined
boards. In the case of the Svenska Cellulosa combined boards the trend iL ' for
the results to be approximately equal to the results obtained on U.S. combined
boards. 'For the purpose oL' comparing the significance of the;e noted difference.; '
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cross-machine edgewise compression are shown in the following tabulation; the
average differences in cross-machine edgewise compression are illustrated in Fig. 11:
U.S. Nominal Composite Average Difference Composite Average Differencea
Grade Weight, C.D;.Edgewise Compression, % Top-Load Box Compression, %
- b. - --E.G. S.C. E.G. S.C.
50% R.H.
26.0 -3.1(.01) -4.7(.01) -5.3(.01) -5.l(.01)
33.0 -6.7(.ol) -7.4(.01) +1.6(.oi) O.O(NS)
58.0 +2.6(.01) +2.4(.01) +7. (.01) +l.o(NS)
42.0 +4.4(. O1) -0.2(NS) +8.7(.01) 2.7(. 01)
65% R.H.
26.0 -5.3 -4.7 -2.1(NS) -7.5(.01)
35.0 -2.3 -3.0 -i.O(NS) -o.6(NS)
j3.0 +4.9 +1.8 +7.(..01) +4.1(.01)
112.0 +2.5 +1.0 +11.2 (.01) 1.6 (NS)
('mnbined board made with U.S. linerboard used as reference.
It may be observed that all the differences between U.S. and Enso Gutseit
,::n!,ind boards are significant at the 1% level Df confidence. In the case of the
'* :.; nd Svenska Cellulosa combined boards, all the differences are statistically
-,i:il'icant except for the difference at the 41.C, 42.0-lb. grade weight level.
:'"::!P:rison of the combined board edgewise compression and top-load box compression
':mi.l.:; indicate good agreement between these properti.c! of' t he U.S. and Enso
'-;c:::i: combined boards and boxes. The agreement between U.S. and Svenska Cellu-
'"n c:oinbined boards and boxes is reasonably good butr no; as good as that between
US. and Enso Gutscit combined boards and boxes.
V... 
Page 9)i lour'drninir Kraft Board Institute, Itic.
Report Three .Project 2392
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The flexural stiffness of a material is the resistance with which a
material resists bending. As previously mentioned, flexural stiffness is one
of the bas ic properties of corrugated board w:'ich influence box compress ion.
I.t enters the relationship as the geometric mean [see Equation (1)]. Examination. 
.1' Equation (1) reveals that although flexural stiffness is one of the two basic
iiaLcrial properties which determine box compression, its importance is secondary
;.o edgewise compression as may be noted from the magnitude of the exponents
:r;sociated with these properties in Equation (1). 
The flexural. stiffness results expressed as the geometric mean are
.;liul.ated in Tables XVI and XVII for 50 and 63% R. H., respectively. It may be
:;.:L:n that with one exception the geometric mean of the flexural'stiffness of'
l.he combined boards made with U.S. linerboards is lower than the corresponding
:.-::;-ults on combined boards made with European linerboards. The exception is the
':,inlinied board made with 30.7-lb. grade weight Svenska Cellulosa linerboard which
c:xiJiliRit louler results than the corresponding toard made with 35.0-lb. grade
:*.',:; U.S. linerboard. For purposes of comparison, the composite average dif- 
:":"'!'.c in the geometric mean of the flexural stiffness between combined boards
" i':: .;h European and domestic linerboards are tabulated as f'ollows and illus-
'.
!ii ,,lali.i.cally in Fig. 12. 
Composite Average Difference in Geometric 
U.S. Nominal Mean of F'lexural Stiffncss, %
(rade Weight, 50% R.H. 65 R. H. i,
lb. E.G. S.C. E.G. S.C.
26.0 +7.6 -37. L 15.9 -1.7
, - 533..0 +9.0 -3.6 +to.6 -1.6 
i , 58.0 +58.5 -+lI. 8 5. - -9.6 
4); l2.0 +5-6.6 -'1.6.2 52.9 '-9i. 



































Ptguio 2. lU: ffcct, ol Type of Linerboard on Combined fBoard Goo-












The flexural stiffness of corrugated board is primarily a function of
the modulus of elasticity of the linerboards making up the facings and the
caliper of the combined board; thus, the composite differences reflect the
higher modulus of elasticity associated with the European linerboards in con-
trast to U.S. lincrboards The greatest difference in flexuial stiffness ex-
plcssed as the geometric mean is at the two higher weight levels - i.e., ?5 8,
)8 0-lb. and 41 0, h2.0-lb. grade weight levels
As mentioned earlier in this report, a previous study (13) carried
out at The Instltute of Paper Chemistry has shown that top-load box compression
ir dependent on two basic combined board properties and the load perimeter as
indicated by Equation (1). In order to determine the efficiency of this relation-
ship vhen applied to the present study, top-load box compression results were
caLculated from the combined board results by means of Equation (1) and also an
abitdged form of Equation (1) which is based on an empirical relationship. The
torrn of the abridged relationship is given in Equation (2),






Z = box load
h = combined
box compression, lb
board cross-nachlne edgewise compression, lb /in.
perimeter (2L + 2W), inch
boaid crliper, inch
The predicted and observed top-load compression results are tabulated
r Tt.lc. XIX and XX. rL may be noted that Equations (J) and (2) predict top-
di biox coImpIession very well for the B-flute boxes; however, the results
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error" than has been experienced heretofore when applied to A-flute board.
It may be seen that even in spite of the greater than normal disparity exhibited
by the A-flute box results, edgewise compression and flexural stiffness of the
combined board (together with load perimeter) permit a far more accurate pre-
diction of box compression than can be obtained with bursting strength.
Comparison of the flat crush results in Tables XVI and XVII, respec-
tively, for 50 and 65% R.H., reveals that, with the possible exception of the
results at the 25 6, 26.0-lb. giade weight level, there appears to be no signifi-
} i ~cant difference in the flat crush of combined boards made with European and
domestic linerboards fabricated with the same corrugating mediums At the
25.6, 26.0-lb grade weight level, the combined boards made with U.S. liner-
board generally exhibit higher flat crush than the corresponding combined boards
made with European lincrboard. These differences are considered fortuitous in-
asmuch as the linerboard should have no effect on flat crush. For ready compalL-
son, the composite eaerage difieclnces in flat crush have been tabulated as
follows:
ComposLte Avcrage Differences
U.S. nominal in Flat Crush, /
I: ',S Giade cligh t, 50% R.H . 65% R H
l'b E.G. S C. R G. S C.
26.0 -7 6 -3 2 -5 8 -7 0
33.0 10 2 +0.2 -2 0 +2 7
*ij $30 I-g2-~38 0 -I 2 -07 4.2 -12 
*-2 0 -0. -12 -C 9 +0 7
aCombined board made with U S. linerboarci used as reference. 
It -a\ be " fted t -,~ m Lo.^pJI L-TonI oL ihe ; pin adhc5son resultt, tlabu-
Jated in Tables XV1 aricd XVIL, .C ,pecCtvC!ly, fo, 50 and 65%4 R 1., that wit icy f~~~~~~~~~~~~~~~~~~~~
p. ----- iY~
- ',2 I' ' *)I - -
-. 5t'- '- - - *- Ir f 1 .' -
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Project 2392 Report Three
exceptions the adhesion strength is higher on combined boards made with U.S.
]lnerboards than on the cozresponding combined boards made with European liner-
boards Fot ready comparison, the composite average differences in pin adhesion
follow and are giaphica-ly illustrated in Fig 13.
Composite Average Difference
U.S. Nominal in Pin Adhesion, %a
Grade Weight, 50% R.H. 65% R.H.
lb. E.G. S.C. E.G. S.C
26.0 -19 0 -15.5 -9.3 -20.4
33 0 -22.8 -5.3 -15 1 -15.1
38 0 -12.5 -6.3 -4.3 -6.5
12 0 -5 7 o 0 -15.7 -3 9
Combined board made with U.S. lLnerboard used as reference
It Pay be seen thaz the greatest differences occur at the two lowest
I board grade ufeight level, It is believed that the poorer adhesion strengthh
:" .. lasted Wvth the European combined boards is due to a large extent to the fact
- , bcy aLe less porous
(' )'ii iaons of the Physicsl Properties of U S
L1 ETuropean Linerbodrd
LI, as noted earlier that during the corrugating of the fifty-two
*"'2,tnlL combinations, samples or test strips from across the full width of
&:l1. ')lpoiient roll weie taken at the "start" and "end" of each material com-
"' L: ,, ',. Iun on the corruga-o0l. The "ttart" and "end" samples of each
,'~..':i:,tr, tor each material ccrbination were evaluated separately and the results
~; .i to characterize the quality of each component (singe-facc liner, doublc-
' "' - , Iand corrugating msduin) used in each matciLaL combinatl on TIh
·t ,', ' :.~'tall liCe on the sulnples oL lLIICIboail (-c2,IegaI C(l as to Finnglc- and
Page La2
Report Three
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double-face liner) used in the fabrication of the A-flute combined board and
boxes are tabulated in Tables XXI and XXII, respectively, for 50 and 65% R.H.
The corresponding results for the components used in the fabrication of the
B-flute combined board and boxes are tabulated in Tables XXIII and XXIV,
respectively, for 50 and 65% R.H. The averages tabulated in Tables XXI through
XXIV for a given material have been combined to give an over-all assessment of
the physical characteristics of the twelve linerboards used in this study. The
over-all averages for the linerboards are tabulated in Tables XXV through XXXII
for the 50 and 65 R. H. The per cent differences in physical properties are
summarized for each linerboard grade weight in Tables XXXIII and XXXIV for 50
and 65% R.HI, respectively. For purpose of comparison, the per cent differences
in linerboard basis weight at the four grade weight levels follow and are graphi-
cally illustrated in Fig. 14:
Linerboard Basis Weight Difference, %L
50% R.H. 65 R.H.
T!u inal U.S. Liner- U.S. Liner-
'., Lb. / board Weight, board Weight,
isq. 't. lb./M sq.ft. E.G. S.C. lb./M sq.ft. E.G. S.C.
·*':.C 28.0 -5. 4 -4.6 28.2 -2.8 -1.5
',.0 35.0 -9.1 -11.4 55.7 -9.2 -11.8
9.4 -5.1 -7.6 40.0 -4. -6.2
42.8 -2.8 -7.5 35.7 -5.0 -8.5
i.;. i ir.:-board results used as reference.
As pointed out previously, the U.S. linerboards are 3 to 1.1' higher in
''::. : !:ul:an their European counterparts. The greatest disparity is at the 30.7,
;-it ',;-radec weight level and least at the 25.6, 26.0-lb. glade wci.ghl .level..
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In view of the above relationship ioa basis weight, it is not surprising
that the U.S. linerboards are higher in caliper (see Tables XXXIII and XXXIV) than
the competitive European grade weights. The per cent differences in calLper follow












Caliper, pt E.G. S.C
9 6 -18.8 -18 8
98 -10 2 -1.0
11 2 -10.7 -11.6















aU.S. linerboard results used as reference.
It may be seen that at all grade weight levels the U S. linerboards are
in most cases significantly higher in caliper than the corresponding Eulopean
linerboards The greatest difference L5 at the 25 6, 26.0-lb grade weight level
and the least at the 41 0, 42 0-lb grade weight level In general, the calipec
of the Svenska Ccllulosa linerboard. average slightly higher than the caliper of
'nso GuLsett linerboards
It may be observed that the apparent densities (see Tables XXXIII and
$XXIV) of the 26 0-lb and 8.0-lb U.. . nerboards aie lower than the corrc-
ponding European linerboards The densities ol the 55 0-lb and 42.0-lb U S
Lteiboards aie approximately equal to e hc coresponding Easu Gutselt linerboards
nit approximately 8 to ll% hLghiei than the compctitive Svenska Ccllulosa linci-
lards. Tne per cent differences at the t'our giade we Lghts fellow and aic
LLu'.L,-atcd in Fr C. 16
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Nominal 5
Wt., lb./ U.S. Linerboard












in Apparent Density, %
65 R. H. -
U.S. Linerboard
S.C. Apparent Density E.G. S.C.
+1.3 2.8 +21.4 +21.h
-11.1 3.6 0.0 -11.1
+2.8 3.6 +2.8 -2.8
-11.1 3.5 +2.9 -8.6
U.S. linerboard results used as reference.
When the bursting strength (see Tables XXXIII and XXXIV) of' the U.S.
and European linerboards are considered it may be noted that the results for the
U.S. linerboards are markedly lower than those for the corresponding European
linerboards. The statistical significance of the average differences for a
selected number of physical properties at 50% R.H. was determined by means of
analysis of variance (see Appendix for procedure). The per cent difference in
bursting strength at the four different grade weight levels are listed as follows
(together with an indication of the significance of the difference - see figure
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It may be seen that the greatest disparity in bursting strength is at
the lowest grade weight level and the least at the 30.7, 33.0-lb. grade weight
level. In general, the bursting strength results for the U.S. linerboards are
approximately 30% lower than those For Enso Gutscit linerboards at corresponding
grade weight levels, and 32 to 38% lower than those for Svenska Cellulosa liner-
boards. It may be noted that' all the differences in bursting strength between
U.S. and European linerboards are significant at the 1% confidence level. When
the bursting strength results are compared in terms of bursting strength per pound
of' basis weight, it may be seen that the European linerboards are far more effic-
ient (i.e., develop greater bursting strength per pound) than the U.S. linerboards
as may be noted from the differences in bursting strength per pound of basis




Wt., lb./ Bursting Strength,
M sq.ft. p.s.i./lb. E.G.
26.0 2.57 +46.7
35.0 3.00 +30.0
38.0 2.49 ' +46.2
42.0 2.69 +50.5




S.C. p.s.i./lb. E.G. S.C.
+54.5 2.48 +41.1 +59.7
+20.5 2.91 +30.6 +26.5
+50.2 2.45 +44.5 +49.0
+28.6 2.59 +31.3 +37.1
aU.S. linerboar-d results used as rcierence.
The machine-directi.on Elmendorf tearing strength results are tabulated
in Tables XXXILi and XXXIV and the per cent differences, together with the level
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Difference in Machine-Direction Tearing Strength, _a
5o0 R H.65 R.H.
Nominal U S. Lineboard U S. Linerboard
Wt , lb./ Tearing SLtength, Tearing Strength,
M sq ft g./sheet E.G S.C. g./sheet E G S C
26.0 202 -17 8 -29 2 228 -17 5 -29 8
(.01) (.01)
33.0 240 -17.9 - -117 270 -16. - -7 o
(01) ( 01)
38.0 275 -10 5 -10.5 308 -7 5 -8 4
(.01) ( 01)
12 0 292 -1.0 -9 6 326 -0.6 -7 1
( 01) (.01)
Avciage -11.8 -15.5 -10.5 -13 1
U.S. linciboard results used as reference.
It may be seen that in all cases the machine-direction tearing strengths
of U.S. lincrboards are higher than the tearing strengths of corresponding European
linerboards - on an average basis, 10 to 12% higher than Enso Gutscit and 13 to
16% higher than Svenska Cellulosa linerboards. Further, all the differences are
statistically _,igniflcant. i/hen the machine-direction tearing strengths are
consldeied on a unit weight basis, the differences between U.S. and European
lincaboards .are greatly reduccl, however, in most instances the tearing strength
rjct.or, axc lhgher foi Lhe U.S lineiboards as may be seen from the differences
in tearLng strength factors tabulated as follows-
DiLrtrence in Machine-Direction Teaiing Strength Factor, %a
50% R.H. 65% R. H.
NominaLl U.S. Linerboaird U.S Linerboard
Wt , Jb / Tcrinnl, SLiongtb Tearing
lt uq [,. FacLol E G S.C. Strength Factor E G S C.
26.0 '( 21 -13 2 -25 7 8 09 -15 2 -26 7
)3 0J 6 86 -9.8 -0 3 7 56 -7 ( '5.)j
8 J.O 6.98 -5 7 -3 2 7.70 -2 9 -2 )
42 O 6.82 fl 9 -2 2 7 h6 -2 h i- 6
Average -6 7 -7.9 -5 9 - 5
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The cross-machine tearing strengths of the U.S. linerboards are also
higher (see Tables XXXIII and XXXIV) than the tearing strengths of the corre-
sponding Eulopean lLnerboards as may be seen from the following average differ-
ences ihich are illustrated in Fig 20-
Difference in Cross-Machine Tearing Strength, % 
50% R.H. 65 R H.
U S. LLnerboard U S. Linerboard
C.D. Tearing C.D. Tearing
Strength, g./sheet E.G. S.C. Strength, g./sheet E.G. S.C.























aU.S. linerboard results used as reference
It -ray be noted -nat all the differences are statistically significant
at the 1% confidence level The Enso Gutseit linerboards average 12 to 153
lover and the Svenska Cellulosa 18 to 20% Lowel The biggest diifeecnccs are _n
the 25.6, 26 C-lb. and 30 7, 55.0-lb. grade weight levels. When the results a3c
culnparcd on a: equal weight basis, the differences diminish considerably, how-
ever, the U S linerboards still exhibit higher cross-machine tearing strength
as may be see.- from the differences tabulated. It is questionable, however,
'cetheL the dilfeience between U.S and Enso Gutseit linerboards at the 41 0.
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Ditfererice in Cross-MachiLne Tear n",, Sitierigt, Xa
50%T R H. 65% RH I.
Nominal U. S Linerboard U.S Lirierboai d-
Wt , Lb/ C.D. Tearing C D Teasi:ng
M sq.tt Strength Factor E.G. S.C. Stieng~th Facto: E G S.C.
26.0 8.95 -15.8 -21 9 1I0.07y -17 4r -25 I
33,0 - 8.08 -10.0 -12 79 58 -8.5 -9 2
580O 8.73 -6-5 -8.5- 9 68- -- -,5,----10 7
8 50
Ave rage
-0 J1 -7 1 9.1i8
-7.6 -12.6
-l 5 -p. 7
-8.2 -11.2
aU.S linerboasd results used as relerence'
I In view of the behavior ol the three ty:,pes of' linerboard relative to
Elmendoif tearing strength, it would be expected that U.S linerboards would
alno give higher torsion tear performance ThIS iS the case as may be seen from
the dii feweness tabulated (see Tables XXXIll and XXXIV) and illustrated graphi-
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Difference in Torsion Tear Strength, o
In-Machine Cross-Machine
U.S Llnelboaid U.S. Linerboard
Torsion Tear, Torsion Tear,































aU.S. linerboard results used as reference.
On an average basis, U.S. linerboards are 16 to 18% higher in machine-
direction torsion tear than the corresponding Enso Gutseit linerboards In
contrast, U.S. linerboards are only 5 to 10% higher than Svenska Cellulosa liner-
boards When cross-irachine strengths are considered, it may be seen that U S.
linerboards are 18 to 21 l higher than the European linerboards Converting the
results to a unit eight oasis reduces the differences; in most instances, U.S.
LLnerboards are still r--.cr :Horever, some of the differences between U.S. and
Svenska Cellulosa linerbcards ,n a unit weight basis may not be significant.
The puncture osrength of the linerboards (see Tables XXXIII and XXXIV)
exhibit a trend similar o those just described for Elmendorf tearing strength
and torsion Lear strength in that Lhe U.S. linerboards generally give higher test
values As may be seen r Lhe -ollowing tabulation of per cent difference and
lPi Fg. 23 and 24 the superLiority ot U S. linerboards is greatest at the two
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Difference in Puncture Strength, %C1
In-Machine Cioss-Machine
U.S. Linerboard U.S. Linerboard.




























































U S. iineiboard re'uul's used as reference
Because of the lo-er basis wei-ght associated 'uith the European Iliner-
boards, converting the puncture results Lo a unit weight bastis has the effect, at
dectea,~nrag the differen~ces noted above. In most insltanices the U S. Jrnetboaids
ec,,hibit higher puncture on an equal weight basis than European Linerboards
The modified ring compression test is, a measure of' the edge'tise c:ompre¾,-
sioit Strength of the components and is considcyxcd to be an important Closs-MaCh~l-C
Ph it'm ben property of l inerboard and corrugating rnediuiai iim the standpoint of
Loin-load compression. It was shown earlier that the crosls-mnachine e-dgewise,
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property in so far as top-load box compression is concerned. It has been found
Lhat, as a first approximation, the edgewise compression strength of corrugated
)oard in the cross-machine direction is equal to the sum of the cross-machine
direction edgewise compression (modified ring compression) strength of the com-
-'onents -- i.e., the sum of this~test property for the single-face linerboard,
oubic-face linerboard, and corrugating medium corrected
or draw. In so far as end-load compression is concerned, machine-direction
dgewise compression strength of corrugated board is the most important combined
card property. However, machine-direction combined board edgewise compression
-rength is not equal to the sum of'the machine-direction modified ring compres-
Lon results for the componentsbecause failure in combined board stressed in the
*chine direction manifests itself' as interflute buckling instead of compression
the linerboard, especially of the single-face linerboard; consequently,
exural stiffness of the linerboard in the machine direction and not its
-ewise compression strength is of greater import in consideration of end-load
; compression and is related to machine-direction edgewise compression of
ibined board as indicated below:
P = k(D / '2)O5 (3)
P = machine-direction edgewise compression of combined
hoardL, lb./in.
1 = constant
D = I'lexural stiffness of' linerboard in machine direction,-x
- L.b. -in.
1 = diLstance between flute tips, in.
The differences in machine-direction modified ring compression tabu-
.in Tabi's XXXIIf and XXXIV are listed as follows and graphed in Fig. 25:
I
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Difference in Mdchine-Direction Modified Ring Compression Strength,
50 % B~~~~li. ~~6 5% R h. H
U._S. Line-board U.S. Linerbeard
M 1.D. Modif'ied M.D1. Modified
Ring Compression, Ring Compression,
IL/L. E.G. S.C. 1b. /in. E. G. S. C.
i6.c - ÷~o.6 _4.8 15. 4 +3.2 ±y.8
(NS) (:o5)
23.>- -8.1 -lt1.5 23.2 -6.9 -15.8
(. o i) (. o i)
t~~~il ~24. 0 +2.5 -4.2 23.7 +5.8 -1.7
.01) (.oi)
19.) +17.1 +7.8 20.8 48.2 +1.0
(.oi) ( ci1)
Average -i3. 0 -0.5 +2. 1 -1.7
S4. :.cyczrdr results used as reference.
may be noted that at the 25.6, 26.0-lb. grade weight level] the
4 " *:wd exhibits lower machine-direction modified ring compression
tt~_7 ihe European linerboards; however, the. difference between U. S.
I ~~~i nerboar-d is not significant and the corresponding difference
;,~ --:Žka Cellulosa linerboard is igniwicantunya he5 ee]
* A. te30.7, 53.0-lb. grade weight level, the U.S. linerboards
rctr. KA Chigher resultsd than the European Thinerboards. At the 35.8,
tI level the results for Ease Cutacit linerboard are signifi-
`- :1thep results for U.S. linerboard, and the results for Svehska
I si~gtiilicantly lower. At the 41.0, )W3,O-lb. grade weight
. )J2{ c ticd iti this study is; as,50ciated wi di mocL'ic[td ±wn{;
:;ignificantly lower than the results for the corresponding
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The average differences in cross-machine modifi-ed ring compreSsion
strength are shown in the following tabulation (seec Table XX0111 and XXXIV) and
illustrated in Fig 26
Difference in Cross-Machine Modi-fied Ring Compression, %
50% R H - 5 ft i
U S. Linerboard U.S Linerboard
C D L'odified C D Modified
ing Compression, Ring Compression,
lb /in E.G. S C lb /in EQG S C.

























F1 I 4 '2-25
'-4 6 14. 5
11US. linerboard results used as reference.
It may be noted that, a,, in the case of' machine-direction modified ring~
coinpice'sion illt a the 25 6, 26 0-lb. grade weight level, there is no highly
signsilficant difference in cross-inachine modi-fied ring compression strength between
U.S~ and Fur Spean I}nerboji Is At the 30.7'(, 53 0-lb grctde weight level, U1.S.
linerboard p-Ives c~lightly hr.ghci results, than European linerboards At the 35 8
38.0-lb. ana ),I 0, 1i2.0-lb 1grade weight levels, the U S li-nerboaxils are loweL in
(1os¼,-machine- modttf ied rugiV co~ipres.sion strength than the European I inerboalds
Taiier sif es a .'ewure of flexural. stiffness,, LS of secondary -uupoi -
Latnce in top-load co pesinbut, 01, 1)1 ii&ry impoitUntrue In orrd-J Gad ThOr LOIflj)LC'
ion A', p C- V LOLIS Iv y tI Ctoni hc~ , lire M ac [L L e -di c c Lion edgew t res co mnp res,, ion -s trei~
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in 'o far as end-load box compression is concerned, is governed by the machine-
direction flexural stiffness of the linerboard and the distance between flute
tips Flexural stlIfness, both in and cross, enter into top-load compression
though their secondary influence on the cross-machine edgewise compression
strength oi combined board
The machine-direction Taber stitinesses are tabulated in Tables XXXIII
and XXXIV. For the purpose of comparison the average differences in Taber stiff-
ness result, between U.S and European lineiboards are listed as follows and
graphically presented in Fig 27
Average Differences in Machine-Direction Taber Stiffness, %
50 R. H. 65 R H.
Nominal U.S. Linerboaid U S Linerboard
Wt., lb./ M1.D. Taber M D. Taber
M sq.ft Stiffness, g.cm. E G S.C. Stiffness, g.cm E G S.C.
26.0 26 -23.1 -15 4 25 -20 0 -12 0
( 01) ( 01)
33 0 o0 -7 5 +50 38 o.o 0o 5
(I!S) (NS)
38.0 55 0.0 -94 52 +3 8 -77
( - ) (.01)
42. 0 i3 14.7 '23 5 68 +20 6 +27 9
(.01) (.01)
Avciage -i4.0 t0.9 ti 1 +4 7
U S. linerboard results used as ieflerenco
IL may be seen chat at the 25 6, 26 0-lb. giade weight leve], the U S
ILnerboaid gives slznificantly higher flexural stiffness (Taber) than the corn-
pelt tLve giade weignts of European linerboards At the 30 7, 33 O-lb grade
weight level there -s no significant ditecrence between U S and European llnei-
boards. At the 35 8, 38.C-lb glade eight leveL there 1s no sLgnificant diL'c- 
once between U.S a d Enrio Cutsei licl boards, however, the Svenska CelluJoa oa
["1'u1di ff10 I I Ct ral It Boa Id IIS twItuLtc, IIIe.
Ut eject 239,2
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Llnerboards are significantly lower At the 41 0, 42 0-lb giadc weight level
the U.S. linerboard gives significantly lower (15 to 30%) Taber stiffness than
the European linerboaids
The average dlffeicnces in cross-machine Taber stiffness are tabulated






































U.S. linerboard results used as reference.
It may be observed that at the 25.6, 26 0-lb grade weight level the
U S. iLnerboard gives higher cross-machLne Tabel ftiftne'-s results than the
European linerboaids. There appears to be no difference between U.S. and Svenska
Cellulose linerboardr at the 30 7, 5) 0-lb grade weight level, however, the U.S
Lnecrboaid gives higher results than Enso Gutseit linceboald At the 55.8, )8.0-
lb. and 41 0, 42.0-Lb grade weights the U.S. linorboards are lower than the
cotrcsIondin, urlup)ean Linelboards
The dailerencc in tensiLc properties between U.S. and European liner-
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the purpose of comparison the average differences in machine-direction tensile
strength are given as follows and are graphically illustrated in Fig. 29:
Average Difference in Machine-Direction Tensile Strength,
50% R. H. 65 R.H.
Nominal U.S. Linerboard U.S. Linerboard
Wt., Ib./ M.D. Tensile M.D. Tensile
M sq.ft. Strength, Ib./in. E.G. S.C.... Strength, lb./in. E.G. S.C.
26.0 57.0 +59.6 +57.5 52.8 +42.8 +66.3
35.0 86.6 +23.6 +13.2 81.5 +22.0 +11.7
58.0 86.0 +55.8 +29.1 80.4 +35.2 +28.1
42.0 95.2 +31.7 -+2.8 89.5 +29.2 +30.9
Average +32.8 +33.5 +32.5 +354.3
'U.S. linerboard results used as reference.
It may be seen that the U.S. linerboards are significantly lower in
machine-direction tensile strength than the European linerboards. The differ-
ences range from 12 to 66%. The biggest difference is at the 25.6, 26.0-lb.
grade weight level and the smallest difference is at the 30.7, 33.0-lb. grade
weight level. When the achinele direction tensile strength results are calculated
on a unit weight basis, the differences between U.S. and European linerboards
increase, as would be expected, because o' the lower weight of the European lincr-
boards.
The cross-machi::e tensile strength results are shown in the following
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Average Difference in Cross-Machine Tensile Strength, o 
509 R.H. 65 R.H.
Nonli.nal U.S. Linerboard U.S. Linerboard
Wt. ib./ C.D. Tensile C.D. Tensile
M s;q.ft. Strength, lb./in. E.G. S.C. Strength, lb./in. E.G. S.C.
26.0 57.0 +37.8 +18.9 52.8 +45,3._ _21.6
35:0 86.6 +25.2 -29.8 81.5 +28.7 +33.3
38.0 86.0 +65.3 +58.5 80.4 ' 65.9 +62.2
42.0 95.2 +54.1 +41.0 89.5 +55.1 +57.2
Average +45.1 +37.0 +48.2 +38.6
aU.S. linerboard results used as reference.
As in the case of the machine-direction tensile strength, the U.S.
linerboards are significantly lower in cross-machine tensile strength when
compared with the European linerboards. It is believed that the greater cross-
machine tensile strength is responsible for the relatively good rough handling
performance of the boxes made with European linerboards even though their tear-
ing strengths are lower than those of the corresponding U.S. linerboards. ,When
the cross-machine tensile strengths are calculated on a unit weight basis, the
difeiren-es are increased in favor of the European linerboards.
Tle stra.tch characteristics of the linerboard play an important role
(a) in r-augh handling performance, particularly cross-machine stretch and
tensile, (b) in folding at the scorelines, and (c) in flexural stiffness. For
the purpose of' comparison, the average differences in stretch characteristics
ire show:, .in the following table (see Tables XXXIII and XXXIV) and are graphic-
ally i.ius-l raled i.n Fig. 31 and 32:
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Average Difference in Stretch Characteristics, 
Nominal Tn-Machine Cross-Machine
Wt., ib./ U.S. Linerboard U.S. Linerboard
M sq. ft. Stretch, % E.G. S.C. Stretch, % E.G. S.C.
50% R.H.
26S. 0 1.8 - -- +5,6 +22.2 5.1 -5. 2 +58. 1
955.0 2.2 -9.1 -ij.6 5.6 19. 4 td7
58.0 2.0 -10.0 +15.0 4.4 -22.7 +22.7I~ ~ ~ I 2.0 2.2 -18,2 -9.1 5.8 -10.5 +23.7
Average -7.9 ±3.6 +7.9 +y6.6
65% PR.H 
26.o 2.0 0.0 +i20. 0 3.8 ±31.6 ±47.41
550 2.4 -16.7 -16.7 4. 2 +14.5 +55.7
7 ~~38.0 2.2 -9.1 ±-9.1, 5.1 -2 5.5 '-17.6
42. 0 2.4 -16.7 -12.5 4.2 -9.5 +21. 4
Average -i0.6 0.0 . 1-27 +50.5
3U.S. linerboard results used as reference.
f't may'e observed that the U.S. linerboards have higher machine-
df-rection s-tretch thean the corresponding linerboards made by Enso Gutseit- e-xcept
p'ssI.bly at, the 23.6, 26.0-lb. grade weight level at which they are aprz'sximately
ecual. En contrast, the Svenska CelLulosa itnerboards have higher stretch atl
the 25.6, 26.0-lb. and 55.7, 58.0-it, grade weight levels but lower stretch
c;1aracte,,risti-cs a-, the 50.7, 55.0-lb. and 41.0, 42.0-lb. grade weight levels.
When cross-muchine stretch is considered) it may be noted that the U.S.
4itwrboards have higher stretch than the Enso Outsell linerboards at th 5.7
38.0-Lb). and )il.C, h2.0-lb). grade wre ght, levels, but lowersttc at thc' two
- I rade~ wociul:it, levels. Iluci; vat, te U. S. A.ranerbuai-d. 1,ive lc:uŽ 
_ _ _ _ _I__ _ Sb4




cIoss-machine stretch at all four grade weight levels than the Svenska Cellulosa
linerboards
The modulus of elasticity is defined as the ratio of stress to strain
It is an important factor in flexural stiffness which is functionally related
to EI where E is the modulus of elasticity and I is the moment of inertia. E
is a material property dependent upon bonding, fiber length, etc , whereas I
is a configurational property dependent on shape of cross section and dimensions
Modulus of elasticity of linerboard plays an important role, because of its
relationship to flexural stiffness of combined board and the machine-direction
edgewise compression strength of combined board.
The module of elasticity are given in Tables XXXIII and XXXIV. For
purposes of comparison the average differences in elastic module are given in
the following tabulation and graphically illustrated in Fig. 33 and 34, respec-
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Average Differences in Elastic Moduli,
In-Machine Cross-Machine
U.S. Linerboard U.S. Linerboard
Nom nai Modulus of Modulus of
Wt., lb./ Elasticity, Elasticity, v
MIi sq.ft. lb./sq.in. x 103 E.G. S.C. lb./sq. in. x 10' E.G. S.C.
65% R.H.
26.0 590 +58.0 +61.5 259 +39.3 +18.8
33. o0 814 +32.7 +5.7 316 +19.0 -2.5
38.0 729 +43.2 +23.3 246 +69.1 457.!;
42.0 724 +37.2 +20.2 269 +49.8 +7.8
U.S. linerhboard results used as reference.
It may be seen that the U.S. linerboards are generally associated wizh
lower moduli than the European linerboards. In most instances the differences
are probably significant. The greatest difference is at the 25.6, 26.0-lb. grade
weight level. Inasmuch as the modulus of elasticity is dependent to a large
extent on the degree of bonding, as is bursting strength, the fact that U.S.
linerboards give lower moduli should not be surprising.
The tensile energy absorption, T.E.A., is a measure of the energy
absorption capacity of a linerboard. It is the energy corresponding to the aes?:
under the tensile load-deformation curve; thus, T.E.A. .is a function of both
tensile and the corresponding stretch characteristics. It may be recalled a;
the tensile strength of U.S. linerboards were lower than the corresponding: i;:: "
Linerboards; however, the stretch characteristics varied from higher to lo:c:
depending on t-he grade weight and manufacturer; thus, it would be expected 
the same may occur relative to T.E.A. For purposes of comparison, the avc::;'-
i.ii'fercnce between U.S. and European linerboard in T.[L.A. results arc a L ..
(sc T:ibles XXXTII and XXXIV') and graphically i.l.ui;srated in Fig. 55 a.ld 
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Figure 36. Comparison of' Average Difference in Crossflhrection
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Average Difference in T.&.A. ?esults.a
Machine Direction ~Cross-Machi`ne D~irpt -U.S. Linerboarci U.S. ~~~~Linre rboaral

























+32. 4 +7 5.7
+2.3 -11 . 6
+14.5 3 +7.8






. 1.1'.., <r f
+3- . 1~ 7,
+15.7 428.4
aU. S. linerboard results used as reference,
It may be seen that the T.B.A. characteristics of U.S.
lower than those for' thle corresponding grade weights of Enso
Thle greatest difference is at .the 25.6, 26.0-lb. grade weight levo..c- >. . -
T. B. A. characteris ties of U. S. linerboards are compared with thoso,
Cellulosa linerboards, :it may be noted -that the T.E.A. va.Lues for 
are lower except for the machinc-direction value at the 30.7, 53. '1-_-
"eight level. The greatest disparity is at the 25.6, 2 6 .0-lb.gae
The I. P. C. bond strength is a measure of' thle degree of
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of the linerboard. The average differences in bond strength are as follows (see
Tables XXXIII and XXXIV) and are graphically illustrated in Fig. 37 and 58,
respectively, for.machine and cross-machine bond strength:








































































U.S. linerboard results used as reference.
Tt may be noted that except in one instance the U.S. linerboards
exhibit higher average machine-direction bond strength than the Enso Gutseit
linerboards. In contrast, the Svens;ka Cellulosa linerboards gave higher machine-
directLon bond strength than the U.S. linerboards. When the cross-machine bond
strengths are compared, it may be seen that at the 25.6, 26.0-lb. grade weight
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Figure 38. Comparison Of' Average Difference in Cross-Direction
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grade weight levels, however, the European linorboards give higher cross-machine
bond strengths.
The porosity of linerboard plays an important role in printing, bond-ing on the corrugator, in case sealing, etc., and is functionally related to
density. The porosity is determined in terms of the time for a given volume of
air, 100 cc., to pass through the test specimen; therefore, the higher the time
in seconds, the less porous the linerboard. For comparison purposes the average
differences in porosity are tabulated as follows (see Tables XXXIII and XXXIV)








Average Difference in Porosity, a50S. R.Jt.board 3> R.H.U.S. Linerboard U. S. LinerboardPorosity, 
Porosity,sec./100 cc. E. epPorosity,sec./10 cc E. G. S.C. sec./100 cc. E.G. S.C.
13 484.6 +207.7 10 +120.0 +222.0
38 " +257.9 -31.6 31 +303.2 -32.3
29 +369. o +120,7 28 +292.9 -96.4
28 +289.3 +135.7 25 +-nn n 
Average +250.2
aU.S. linerboard results used as reference.
It may be seen that except for one instance the U.S. linerboards
exhibit lower porosity test values and, hence, are more porous than the corre-Sponding European linerboards. Enso Gt;sei linerboards generally give higher
Porosity values than Svenska Cellulosa linerboards. I the porosity values aretoo high, difficulty may be encountered during fabrication. n fact, in connec-
tion with the fabrication of the combined boards made in this study, it was
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In general, the European linerboards were more difficult to bond because of their
high, nonuniform moisture content.
Smoothness, as reported herein, was evaluated by means of a Bendsten
smoothness tester in which smoothness is measured in terms of the volume of air
which will pass between the top (opposite to wire side) surface of the specimen
and the test plate in a given time; the higher the volume, the rougher the
specimen.
The average differences in smoothness are as follows (see Tables XXXIII





















aS. erboardU. S. linerboard results used as reference.
It may be seen that the smoothness rest results of the U.S. liner-
boards at the 25.6, 26.0-lb. grade weight level are higher and, hence, the
smoothres:r of U.S. linelboarld; is lower than chat o' the European linerboards
at this grade weight level. !ith one exception at the other grade weight levels
the smoothness test. results arc higher on the JEuopean linerboard and, hence,
they are less smooth than the U.S. Linerboards. The one exception i.:; the Svenska
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The Cobb size test was used to evaluate the degree of Zizirg By means
of this test the degree of sizing is measured in terms of the amrijr.,, of moiture
picked up when one side of the test specimen is exposed to water 'fLr a ,e cribed
time period; thus, the higher the Cobb size value the poorer the :.iz::.-. For
purposes of comparison, the average differences in Cot- size re'--. .: a* :i. f..lows













38.5 -5. 1 -2.9
556 2.6 1.6 +7.6
36.5 -1.9 +0.3
33.2 -2.4 +11.4
, Average +3.5 +4.1
in Cobb SEize 
U.S.Lirerboar
Cobb Size,
g./sq. . :.' .g./sgJz. S.C.
33. -<. -- 0.6
52.7 - '·-2.1
28.- - . 1.5
-.32.'.f
aU.S. linerboard results used as reference.
It may be observed that at the 25.6, 26.. o-!..- -,' . ..... 
U.S. liJerboard exhibits lower size resistance - i.e., -,; -: .':'. ' -. .. 
higher than those, 'or the corresponding European linert.'. ::- . -.. 
f'rcnccs are not lau-fe enough to be considered signifita'.-. -,,- -
there is no significant dLfference in the water resista-'.- . .::-. . -
size test except for Enso Cutseit linerboard at 30.7, ,. ;-'-', . . .
and Svenska Cellulosa linerboard at 41.0, 42.0-lb. grace - - .. .
these linerboards appear to be lower in water resistanc -. . - '-- ...
U.S. li.nerboards.
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European linerboard appears to be made from a furnish consisting mainly
of Scotch pine, refined to a lower freeness and average fiber length and presum-
ably run at a slower machine speed than U.S. linerboard. The results of this
study indicate that the property of European linerboard responsible for their
competitive potential is not bursting strength but the level to which the more
basic mechanical properties - e.g., edgewise compression, modulus of elasticity,
tensile strength, etc. - develop concomitantly with bursting strength. In
spite of the lower basis weight, European linerboards used in this study exhibit
about equal edgewise compression but markedly higher tensile and modulus of
elasticity characteristics than the corresponding U.S. linerboards'.
Previous studies have shown that box compression is primarily dependent
on two fundamental combined board properties, namely, edgewise compression and
f'lexural stiffness. Further, it has been found that the cross-machine edgewise
compression, which is the dominant combined board property in the case of top-
I.oad compression, is a function of the cross-machine edgewise compression of the
'omponents and to a lesser degree a function of the cross-machine modulus of
elasticityy of the linerboard. The flexural stiffness of the combined board has
'enr found to be primarily a function of the modulus of the linerboard and the
'il [per of the combined board. Thus, it should neo be surprising that the lower
'':i1ghL European linerboard which exhibits about equal edgewise compression, but
:trkedLy higher moduli gives box compression performance in general about equiv-
lent to boxes made with heavier weight, U.S. linerboard. On an equal weight
reil:;, boxes made with European ILune'board tend to gjive equal or higher box
'eoPression compared to boxes made with U.S. lineroard.
The attainment of+ markedly higher bursting strength, tensile strength,
i'lus of c.l.a;.licLty, e tc. , by the European linerbuoards at a substantially lower
' *- . ·.- '- l' ··ru s s- . . , Y' ' ,. . . .....- .
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basis weight by means of greater refining - better bonding - is made possible
at the expense of fiber length and, hence, tearing strength. The lower tearing
strength of the European linerboard is also manifested in lower tearing strength
combined board as measured in' terms of torsion tear and puncture resistance. It
might be anticipated tha, boxes made with European linerboard would be inferior
to boxes made with higher tearing strength U.S. linerboard in terms of such rough
handling tests as corner drop and drum performance. It should be emphasized,
however, that rough handling performance is dependent on cross-machine tensile
and energy absorption, T.E.A. properties as well as tearing strength. In terms
of rough handling performance the lower tearing strength of' the European liner-
. ]. boards is compensated for, in part at least, by substantially higher tensile and
. ;'* energy absorption characteristics compared to the U.S. linerboards.
In order to compare the uniformity of linerboard from the three sources,
the coefficients of variation were determined for a selected number of test
properties at 50C R.H. The properties selected were bursting strength, Elmensiort
tearing strength, od::ified ring compression and Taber stiffness. The coeffic-
ients o' variation are :'abulated in Table XXXV. It may be seen that on the as;i::
of the coefficien tS ' ovarioa .ion -he U.S. linerboards are generally slightl;,
more uniform tlhan:. :e Eu:ropean linerboards. This is of importance, for exa:n.l','
when considered. f' rcn -: standpoint of Rule 41 which states that only one b.;.'-
ing strengthh -ea:iing; r:t of six (i6.7%) may be below the specified level. :
the other hand, his particular requirement would not penalize the Europea:
linerboards because -heir average bursting strengths exceed by far the rct-:o'-
ments to meet Ru.le :1
!lhen the tea i'
very little di'i''er nce ..:
-r
ig `tren.gths are compared it may be noted that. tlhc i:.
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linerboards have a very slight advantage in uniformity. The same general trend
is also shown by the modified ring compression results.
In general, the U.S. linerboards exhibit slightly better uniformity
in terms o' Taber stiffness than the European linerboards. The Enso Cutseit
linerboards, in turn, generally exhibit greater uniformity than the Svenska
Cellulosa linerboards.
II. CORRUGATING MEDIUM RESULTS
It may be recalled that each of the domestic and European linerboards
was fabricated with both 26-lb. U.S. semichemical and 23-lb. European semichemical
corrugating medium into A-flute and B-flute combined boards and boxes. In addi-
tion to these mediums, all the U.S. linerboards were also fabricated with 26-lb.
European semichemical medium into A-flute combined board and boxes.
The 25-lb. European medium was made from a furnish consisting of
approximately 85% hardwood (birch) and 15% softwood (mainly Scotch pine) refined
to a substantially lower average fiber length than the 26-lb. U.S. medium which
was made from a Furnish conlltis .ng of approximately 85% hardwood (gum) and 15%
softwood (southern pine).
A. Comparative Per'ormance of Boxes Fabricated with
U.S. and European Mediums
1. Compression Performance
In order to compare the effect of the type of medium on box compicssiU
performance, the box comprecssion results have been recompiled to facilitate this
comparison and are given in Tables XXXVI and XXXVII for 50 and 65% R. B. , respec-
tive.y, and graphical.ly illustrated in l:ig. *i2a. The data given in Tables XXXVI
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composite average differences represent real differences- or could have occurred
by chance. The statistically determined levels of significance for the composite
average differences are shown in Table XXXVIII. The figure in parentheses follow-
ing each average indicates the level of confidence at which the difference is
significant. The symbol NS signifies that the difference is not significant at
the 5% level of confidence.
It may be seen from the composite average differences tabulated in
Table XXXVIII, together with the assessment of the statistical significance of
the observed composite average differences that, in general, there is no differ-
ence in box compression associated with the type of medium except in a few cases.
One of the exceptions is top-load A-flute compression at the 25.6,. 26.0-lb. liner-
board grade weight level, wherein the results show that boxes made with 23.0-lb.
European medium give higher top-load compression loads than boxes made with
26.0-lb. U.S. medium. In all other instances, where the composite average
differences were statistically significant, higher results were obtained with
the boxes made with 26.0-1b. U.S. medium. Except for the one case noted, there-
L'ore, the boxes made with 23:0-11). European medium exhibit equal or lower com-
pression results. In all other cases where significant differences were observed,
the diif erences were less than LO% and in most instances less than 5%.
It should be borne in mind in interpreting these results that reducing
the nominal weight of the medium from 26.0 to 25.0 pounds results in a weight
reduction of approximately 11.5%. Accordingly, in order to compare the compres-
sion perl'ormance on an equal weight basis the results tabulated in Tables XXXVI
and XXXVII have been divided by the corresponding combined hoard weight and are
tabulated i.n Tablet: XXXIX and XL on a performance per unit combined board weight
hasis bbd li l.Uultra.itecd in i'i.. .The compo, Lre average differences r are lso
. .- ii.
wf HU i A : .* *, 
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tabulated in Table XXXVIII. It may be noted that on an equivalent combined board
weight bas s, i.n practically all cases, the boxes made with 23.0-lb. European
medium exhibited higher top-load compression than boxes made with 26.0-lb. U.S.
medium. The composite average differences range from 0.41 to 9.4%. Statistical
analysis was not carried out on the results calculated on aunit weight basis;
however, it is believed tiha all differences greater than approximately 3.5%
probably represent significant differences. When end-load compression results
are compuaed, it may he seen that converting to a unit weight basis has the
effect of improving the performance of the boxes made with 25.0-lb. European
medium. On this basis, end-load compression results are generally slightly
higher for boxes made with 25.0-lb. European medium. On an over-all unit weight
basis, boxes made with 23.0-lb. European medium exhibit 4-5% higher top-load
compression than boxes made with 26.0-lb. U.S. medium. In the case of end-
load the results are mixed; the A-flute results on boxes made with 23.0-lb.
European lmdium are approximately 4% higher than, and the B-flute results are
approximately equal to the results on boxes made with 26.0-lb. U.S. medium.
2. Rough landlitig Pirfi'ormance
A comparison of the effect of the type of' medium on rough handling.
a s :nmasured in terms of corner drop and drum performance may be seen from! the
results -abu.lated in Tables XLi and XLII for 50 and 65% R. H., respectivly, and
illustrated in Fig. h)2. These results were statistically analyzed and the con-
Poste C ,veer<c difi'ercnces, tLoether with an estimate of the significance of the
t!if'l'eroece. are tabulated in Table XXXVIII. On the basis of composite averages,
*;:': :one exccptio.,. boxes made w-j th 23.0-lb. European medium give lower drop
-': drumil p-il'ormance ti an boxes made with 26.0-lb. U.S. inediun. F['urthcl, hi ti
:i;-.nji [uie j1' i.Lh di.'l'elence i; such that in most: cases the differencee; aer
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better than 23.0-lb. European medium for rough handling performance as measured
in terms of drop and drum tests and expressed on a box basis.
As previously pointed out, reducing the nominal grade weight of the
medium from 26.0 to 23.0 pounds consistutes approximately a 11.5% reduction in
medium weighs. In order to compare rough handling performance on an equivalent
weight basis the results tabulated in Tables XLI and XLII have been converted to
rough handling performance per unit combined board weight. The results on a unit
weight basis are tabulated in Tables XLIII and XLIV and illustrated in Fig. 43.
The composite average difference at the various levels of linerboard weight are
also tabulated in Table XXXVIII. The same general trend may be observed, that
is, boxes made with 25.0-lb. European medium are lower in rough handling perform-
ance than boxes made with 26.0-lb. U.S. medium. It may be noted, however, that
in general the differences on a unit weight basis are less, as would be expected,
than on the observed box basis. Further, it is questionable whether the differ-
ences obtained on a unit weight basis represent real differences except in a few
instances - e.g., au the 25.6, 26.0-lb. linerboard grade weight level.
It may be recalled that each of the U.S. linerboards was fabricated wit.
a 26-lb. European medium into A-flute combined board and boxes. The results
obtained on boxes made with U.S. linerboard fabricated with 25.0-lb. and 26.0-l'.)
European semichemical medium and 26.0-lb. U.S. semichemical medium are tabulated
in Tables XLV and XLVI, respectively, for 50 and 65% R.H. and illustrated in F'l.
*. It .:may be seen that on the basis of composite averages the boxes made with
25.0-lb. and 26.0-lb. European mediums give slightly higher top-load compressi::
than boxes made with 26.0-lb. U.S. medium; however, the differences are not
considered significant. The boxes made with 23.0-lb. European medium give Lo.:c?
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compression than boxes made with 26.0-lb. U.S. mediums; however, the differences
are not believed to be significant. When rough handling is considered it may be
seen that boxes made with European mediums give lower performance than boxes made
with 26.0-lb. IU.S medium. There appeals to be little if any difference between
the rough handling performance of boxes made with 25.0-lb. and 26.6-lb. European --
mediums.
B. Comparison of the Physical Properties of Combined Boards
Fabricated with U.S. and European Mediums
It may be recalled that each of the linerboards used in this study was
fabricated with a 23-lb. European and a 26-lb. U.S. semichemical corrugating
medium into A-flute and B-flute combined boards and boxes. In addition, the U.S.
linerboards were also fabricated with a roll of 26-lb. European corrugating medium
into A-flute combined board and boxes.
For the purpose of comparing the relative effects of 23-lb. European
and 26-lb. U.S. mediums on physical properties of the combined boards, the
combined board results presented in Tables XVI and XVII have been retabulated in
Tables XLVII through LIX. A comparison of the effect of type of medium on
combined board weight and bursting strength may be noted from the results tabu-
lated in Tables XLVrI and XLVIII, respectively, for 50 and 65% R.H. As would
be expected, the combined board made with the 23.0-lb. European medium exhibit-:
3-5% lower weight. The composite average difference in basis weight of combined
board made with 26.0-lb. U.S. medium and 25.0-lb. European medium is as follow-i











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EFFECT OF TYPE OF M~EDIUM ON1 CO~Th'TD BOARD TORSION TEAR STRMIOH
(50% Relative hunidlty)
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a~ominedboard made with 26-lb. U:S. sernichemical medium usdd as reference.
When the bursting strength results are considered it may be seen that,
with Levi exceptions, the boards made with 25.0-lb. European medium give higher
bursting strengths. The compos;ite average differences at each of the four grade
weight levels are shown in the following tabulation and illustrated in Fig. 45.
Composite Average Difference in Bursting Strength,%O
U.S. Linerboard 23-lb. European Semichernical Medium
Nominal Weight, 5% R. Hi. 6% 1
(lb./Mi sq. ft.) A-Plute B- Flute A-Flute B- Flu te
26.0 ±10. +7. 0 -4. 1 413. 6
35.0 +5.7 ±4.0 ± 5.8 #.
+ 1 0 . 1 ~i0.8 ± 7+ 5 * 7
aobind board made u~th ~26-1U. U.S.semiachemic-al medium used as reference.
rt may be seent that; the average diffIerence varied from a -4_. te -k13.6.
The nature of' the ditlurence is believed to be associated with the lower Llat crus8h
obtainled with the 23. 0-lb. Euurolpeal med~itm.
I
1'1-
j 1, "' - ,
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The flat crush and puncture results tabulated according to type of medium
are tabulated in Tables XLIX and L, respectively, for 50 and 65% R.H. For the
purpose oL' comparison the composite average differences in flat crush follow and
are illustrated in Fig. h6:
Composite Average Difference in Flat Crush, 
U.S. Linerboard 23-lb. European Semichemical Medium
Nominal Weight, 50% R. H. 65% R.H.
(lb./M sq. ft. ) A-Flute B-Flute A-Flute B-Flute
26.0 -13.8 -9.5 -12.3 -12.5
55.0 -10.2 -16.5 -9.4 -7.6
58.0 -9.8 -10.7 -5.0 -5.7
}2.0 -4.4 -12.2 -5.1 -5.1
Combined board made with 26.0-lb. medium used as reference.
It may be seen that the combined boards made with 26.0-lb. U.S. semi-
chemical medium average 3-16% higher in flat crush than the corresponding combined
board made with 25-i-. European medium. 4
The puncture results are also tabulated in Tables XLIX and L for 50 and
65% R.H.; respectivel-. It is well known that the puncture test is markedly in-
L'Juenced by the caliber and flat crush of the combined board. It has just been
shown that the flat -rush is lower on combined board made with 23.0-lb. European
medium and as will be seen later the caliper is also lower. Thus, it is not
unexpected that the rujncture is in most instances also lower on combined board
made with 23.0-lb. -European medium. The composite average difference in puncu-.'
between board made .ith 23.0-lb. European medium and 26.0-lb. U.S. medium is sh-'.'-
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Composite Average Difference in Puncture, 























aCombined board made with 26.0-lb. U.S. semichemical medium used as reference.
It may be noted that, on the
the combined boards made with 26.0-lb.
9.1% higher puncture strength than the
European semichemical medium.
basis of the composite average differences,
U.S. semichemical medium exhibit 5.1 to
combined boards fabricated with 23.0-lb.
.A comparison of the torsion tear results tabulated in Tables LI and LII
f'or 50 and 65% R.H., respectively, reveals that in practically all instances the
combined boards made with 26.0-lb. U.S. medium give higher torsion tear results.
This undoubtedly accounts for the higher rough handling performance obtained on
the boxes made with 26.0-lb. U.S. medium in contrast to those made with 23.0-lb.
European medium. The composite average differences are shown in the following
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U.S. medium used as reference.
The average torsion tear results on unscored boards made with 26.0-lb.
U.S. :rediuIn are 8-20% higher than on unscored boards made with 23'.0-lb. European
medium. The corresponding scoreline results on boards made with 26.0-lb. U.S.
medium range from 6-15% higher than the corresponding results on boards made with
25.0-lb. Europearn irediu!!.
Thee caliper and flexural stiffness results, the latter expressed as
the gRoioaetric mean, are given in Tables LIII and LIV, respectively, for 50 and
65% R .H. Inr! mios instances the differences in the mean of the flexural stiffncihr
ar'e inot great enough to be considered significant. On the other hand, the ca.Lii':'
i:; higher or: ihe boards made with 26.0-lb. U.S. medium as would be expected. Til
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.0 - 50% BR.H
----65% H-11.
5-
.0 - ~~~~~25.6, 26 0 lb. linerboards
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30.7. 33.0 lb. linerboards
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nFl1Fr - ' 
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)4j*Q, 42.0 lb. Iinerboards
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From a comparison of the edgewise compression results tabulated in
Tables LV and LVI for 50 and 65% R.H., respectively, it may be noted that in
general the combined boards fabricated with 26.0-lb. U.S. medium have higher
. 3'| machine-direction edgewise compression strength but lower cross-machine edgewise
*,jti compression strength than the corresponding combined boards made with 25.0-lb.
i 5, European medium. As pointed out earlier, the machine direction edgewise compres-
sion is the most important combined board property insofar as end-load box com-
pression is concerned. Cross-machine edgewise compression is of equal importance
in top-load box compression. It may be recalled that in general the boxes made
jil with 26.0-lb. U.S. medium gave better end-load compression but poorer top-load
I8i& compression than boxes made with 25.0-lb. European medium. Hence, the edgewise
compression strength results show trends, in relation to box compression, that
would be anticipated. For the purpose of comparison, the composite average
differences in edgewise compression results are given in the following tabula-
tion and illustrated in Fig. 49.
!:'tl !~ .~ ~Composite Average Difference Composite Average Difference
U.S. Linerboard In-Machine Direction in Cross-Machine
Nominal Weight, Edgewise Compression, % Edgewise Compression, %
l ,,l'i (lb./M4 sq. ft. ) A-Flute B-Flute A-Flute B-Flute
50 R.H.
,i" ,' 26.0 -15.4 -5.3 +8.8 +5.3
: J 55 33.0 -:. 7 -6.9 +9.6 +2.0
i: : i¢, 38.0 -0.6 -2.2 +5.7 -3.7
*i.il t L2.0 -±.5 -6.9 -+7.9 +6.6
65% R. H.
i* /J26;.o -20. -2.1 +6.9 +3.6
* ll|1 55.0 -3.8 -8.9 +5.7 +8.7
8.0 -9.0 -6. 4 +7.0 +5.5
42.0 -!.O -4.1 46.l +5.5
Cormbined board made iL'th 26.0-lb. U.S. medium used as reference.
.- ~~~~~~ '.* _ ~~' A*
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It may be noted from the pin adhesion results tabulated in Table LVII
and illustrated in Fig. 50 that, in general, the pin adhesion results are higher
for the combined boards made with 26.0-lb. U.S. medium.
It'may be recalled that the U.S. linerboards were also fabricated with
a sample of 26.0-lb. European medium as well as 23.0-lb. European and 26.0-lb.
U.S. medium into A-flute combined board and boxes. The combined board results
are tabulated in Table LVIII and LIX for 50 and 65% R.H., respectively. As would
be expected, the average weight of the combined boards fabricated with 26.0-lb.
U.S. medium is not significantly different from that of the corresponding boards
made with 26.0-lb. European medium but averages approximately 4% higher than that
of.the combined boards fabricated with 25.0-lb. European medium. The composite
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i ; fcW tIn general, the average bursting strength results on the combined boards
r i made with 26.0-lb. U.S. medllun arc not significantly dLfferent from the corre-
i; 1 spending results on the combined boards made with 26.0-lb European medium. On
'e ~ the other hand, the combined boards made with 23 O-lb European medium give higher
A'l *r average bursting strength results than the corresponding boards made with 26.0-ib.
!?' j U.S. medium, the average differences being about 7 and h% at 50 and 65% R.H.,
i.,;,,i respectively. It is believed that the difference in bursting strength is assoc-
'ti elated with the lover flat crush of the boards made with 25 0-lb. European medium
$. ''i s^ When the puncture results are considered, it may be observed that at
i'! both 50 and 65% R.H. the combined boards made with 26.0-lb U.S. medium exhibit
ip M'*l higher puncture strength than the corresponding combined boards made with 25 0-lb
,~i ~ European medium. On the other hand, at both 50 and 65% R.H., the boards made
with 26 0-lb. U.S. medium exhibit approximately the same puncture strength as
~i! ,,the corresponding boards fabricated with 26 O-lb European medium The trends
noted above are believed to be associated with differences in flat crush and
c '' weight.
;L I '," A, may De seec in' Tables LVTII and LL[, the combined boards made with
et^i 26 O-lb. U.S. medlir have slightLy lorer flat crush strength than the correspond-
, 'Lng boards made :.h 26 0-lb European but higher flat crush than the combined
44 . !boards made withl 2 O-lb. European ,edium
The flexural stiffness expressed as the geometric mean for the combined
'_ -.l board made with 26-lb U S medium !s lower at 50% R.H. for the combined board
made with 26-lb U.S. medium than for the corresponding samples made with 25 O-lb.
\ ;i i'and 26 -lb. European medium, at. 65' R i1 , however, the differences are not
Jhi considered ,ignitlcant It nay be recalled that flexural stiffness is one o- tih










The average machine-direction edgewise compression strength lor the
Loloilned boards made with 26 0-lb. U.S medium are higher (I to 8%) than the
corresponding results for the combined boards made with 23.0-lb European medium
but lo-eL' (i to 12%) than those for the combined boards made with 26 0-lb
Eulonean medium As noted earlier, machlne-direction edgewise compression is
Ltlipel tant because it has been found to be the major combined board property
governing end-load box compression In this connection it may be recalled that
Lhe boxes made with 26.0-lb. U.S. medium gave higher end-load compression than
the corresponding boxes made with 23.0-lb. European medium but lower end-load
compression than the corresponding boxes fabricated with 26.0-lb. European medium.
Ab noted earlier, cross-machine edgewise compression is important because it has
been iound to be the major combined board property governing top-load compression
Ii may be noted that the cross-machine edgewise compression results for combined
boards 'iade with 26 0-lb. U.S. medium are lower than the corresponding results
for boards made with 23 0-lb European medium and also for the boards made 'lth
LC 0-1o European medium. It may be recalled that the top-load box compression
ie-u.uis shout a similar trend
The toi,.Lon teal results on the combined boards made wlth 26.0-lb
U S inea-mui are higher than the corresponding results on the boards made wtLh
.'r Lthe 23.0 or 26 0-lb. European medium The results fo£ the 26 0-lb.
Euro-ean 'edliun Ln turn were higheI than those for the 23.0-lb Eulopean medium
1. "ay be recalled that the sare general trend was observed lor the rough harOl-
I1-, bo pn-.ormance. These trends indicate that since the samc lLneiboard'. *crc
n:vorced vould appear that the U.S. medium has hlghec tcarLng sti.lcengi and
, rc.ch cnhaacL e lstics than the European medLums As WLII be shown latic, t'nl,
?hc (.ase The European mediums are made ptrmarily ilom bLIhll in conItic'T t.,.






i - length of the U.S. medii
performance of the boxes
The comparati'
.'i 25.0-lb. European medium
1. There is i
si
between boards made witl
4! Hand, the combined boarc
bursting strength and 5-
made with 26.0-lb. U.S.
.'. !! I 2. Flat crusl
are slightly lower than
26.0-lb. European medium
- i combined boards made wit
5. Flexural s
.,tt h medium is lower than tha
;'A,"- ll and 26.0-lb. European me
'ii',-7 are significant in more
7i'! ~lf7i 11. The machir
the combined boards made
8ii :: 1)-L2%,$, cross-mlachine dim
| : 'samples imadt with 26.0-1
e111 for the combined board [
and the machine direction
board made with 26.0-lb.
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unm probably. accounts for the difference in rough handling
S .
ye performance of combined boards fabricated with 26.0 and
n and 26.0-lb. U.S. medium may be summarized as follows:
no significant difference in bursting and puncture strength
h 26-lb. U.S. and 26-lb. European mediums. On the other
is made with 23.0-lb. European medium exhibit 4-7% higher
-6% lower puncture than the corresponding combined boards
medium.
i results on combined boards made with 26.0-lb. U.S. medium
the corresponding results for combined boards made with
n but 8-9% higher than the results for the corresponding
;h 23.0-lb. European medium.
;tiffness of the combined boards made with 26.0-lb. U.S.
it of the corresponding combined boards made with 23.0
ddiums. It is doubtful whether the observed differences
than a few instances, however. 
ie and cross-machine edgewise compression results for
with 26.0-lb. U.S. medium are lower (machine direction
ecction.5-a8) than the results for the corresponding
Lb. European medium. The cross-machine direction result';
'abricated with 23.0-lb. European medium are 5-6% higher',
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5. The combined boards made with 26.0-lb. U.S. medium are higher in
torsion tear - average and scoreline - than the corresponding samples made with
either 23.0 or 26.0-lb. European mediums.
6. En general, combined board-made with 26.0-lb. European medium giv
results comparable to combined board made with similar weight U.S. medium excep
for possibly flat crush and edgewise compression strength which are slightly hi,






C. Comparison of Physical Properties of U.S. and
European Corrugating Mediums
During the fabrication of the fifty-two different combinations, samples
of the corrugating medium were taken at the "start" and "end" of each set of "runs"
involving a given type of medium. The samples taken at the "start" and "end" were
evaluated separately f'or each series of runs and then averaged to characterize
the respective materials. The results obtained for the various runs are tabulated
in Tables LX and LXI, respectively, for 50 and 65% R.H. The per cent differences
in physical properties are summarized in Tables LXII and LXIII, respectively, for
50 and 65% R. H., and illustrated in Fig. 51.
It may be noted that the respective mediums were only slightly higher
In basis eight than their nominal grade weights. Although the U.S. medium is
higher in basis weight, the caliper of the 23.0-lb. European medium is corre-
pondingly lover; thus, the apparent densities are approximately equivalent.
1 contrast, the caliper o' the 26.0-lb. European medium is approximately 14%
'wer than that of the 26.0-lb. U.S. medium resulting in a higher density for
c former.
Flhen t.ic Concora [ilLt crush characteristicL; of the mncdiums are con-
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crush than the 23 0-lb European medium; however, on a flat crush per unit weight
basis,, the difference is only 5 to 6% because of the lower basis weight of the
23.0-lb. Europear medium The U S and European 26.0-lb. mediums are approxi-
mately equal in Concora flat crush on both an actual and unit weight basis On
the basis of the Concora flat crush results it would be anticipated that the
combined board made with U.S medium would give flat crush results higher than
combined board made with 23 0-lb. European medium but approximately the same as
the 26.0-lb European medium. As may be recalled, this was generally the case
One of the salient features of corrugated board as a packaging mater-
ial is its high strength-to-weight ratio made possible by its fluted structure
The mechanical properties of a fluted or cellular structure such as corrugated
board are dependent on good bonding oi the component parts. Because of the
severe time limitations encountered in the corrugating operation, the medium-
adhesive interaction is important in corrugating. The water drop test is used
extensively as a measure of the potential bonding behavior oi corrugating medium,
although the tes. leaves much to be desired by way of measuring properties oi
medium which govern bonding. Water absorption, as measured by the water drop
test, is the tire required foi a measured quantity of water, applied to the
surface under specified conditions,to be absorbed by the medium. The longer -"le
time Lnicrval, t e greater is the lceisitance to absorption.
It may be seen that the water drop "number" for U.S. medium is abouL
'ourfold lower tnan for 23 O-lb European medium, but only slightly lower tha"
for 26.0-lb European medium. The crsults indicate that the 23 0-lb Europca"
.ncciLul probably 1llb be more diLflicult to bond, especially at high speeds, t!'a
the U.S. medium As was pointed out earlLcr, lower adhesion strength wa. obi '11'1'
on the combined board made wiLh 25 0-lb European medium than was obtained 
-a_ J
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same corrugating speed on the combined board made with 26.0-lb. U.S. medium. A
higher water drop is believed so be responsible although the European mediums
also exhibited wide variations in moisture which may have contributed to the
poorer bonding. 
When the strength properties are compared, it may be observed that the
U.S. medium is higher in Elrmendorf tearing strength, stretch, puncture, and tor-
sion tear than the European mediums, the differences being greater for the 25.0-
lb. European medium than for the 26.0-lb. European medium. These properties,
along with T.E.A., are generally considered to be properties of the medium which
are involved in rough handling peri'ormance; thus, it would be anticipated that
the U.S. medium would be a better medium from the standpoint of rough handling.
It may be recalled that the boxes made with U.S. medium did give markedly better
rough handling performance. Also, the T.E.A., energy absorption, is generally
higher for the U.S. medium than the European mediums.
The modified ring compression, tensile, and modulus of elasticity
results are generally lower i'i the U.S. mediur.- than for the European mediums.
These zest properties are generally associated ::ith compression performance;
thus, the European mediums ex'-bilt :msre favorable compression properties. The
U.S. medium, however, exhibits Taber stiffness higher than the 23.0-lb. European
medium but lover than the 26. 0-lb. European medium. This is related to box com-
pression but is of secondary importance, in this regard, to tests such as the
modifi.ed rinf compressiuon test.
The porosity results for the U.S. medium are about the same au. those
or the 26.0-.l.-. European medi u hut. are lower than those for the 23.0-lb.
uropean me-idium. Thi.s may be a, ... icr reason L'or the poorer adhesion o£' the 25.0-
u. ropean mIj i ur\ i vn l ie of ti ':c tria the i.fat t .e J-r the poro;sity te ;t1 re.:.ul.t:;
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